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(54) Polymer and resist material 

(57) A polymer of polyhydroxystyrene derivative 
containing an acetal or ketal group which can easily be 
eliminated in the presence of an acid in the molecule 
and having a very narrow molecular weight distribution 
gives a resist material suitable for forming ultrafine pat- 
terns excellent in resolution, heat resistance, mask line- 
arity, and other properties without causing problenr^ of 
delay time and the like. 
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Descripti n 

BACKGROUND OF THE INVENTION 

This invention relates to a polyhydroxystyrene derivative having in its molecule acetal groups or ketal groups which 
can easily be eliminated in the presence of an acid, particularly to a polyhydroxystyrene derivative having a nan-ow 
molecular weight distribution and useful as a functional polymer in a resist material. 

With a recent trend toward higher-density integration of semiconductor devices, energy sourses used for finer 
processing, particularly for light exposure devices used for photolithography are shortened in wavelengths more and 
more. Now, the use of deep ultraviolet light (300 nm or less), KrF excimer laser beams (248.4 nm). and the like is stud- 
ied. But there has been found no resist material practically suitable for such wavelengths. 

For example, as a resist material usable for a light source of KrF excimer laser beams and deep ultraviolet light, it 
is required to have high transmittance and high sensitivity for a light near 248.4 nm. From this point of view, it is Impos- 
sible to use known novolac resins due to poor light transmittance and known dissolution-inhibiting type resist materials 
due to low sensitivity. Recently, as a resin having high light transmittance, polyvinyl phenols and derivatives thereof 
have been proposed and used. Further, there have been proposed chemically amplified type resist materials which 
have high sensitivity and use an acid generated by exposure to light as a medium (H, Ito et at, Polym. Eng, Sci.. 23, 
1012 (1983); U.S. Patent No. 4,491,628 to H. Ito et al (= JP-A-2-27660); U.S. Patent No. 4.603.101 to J.C. Crivello et at 
(= JP-A-62-1 15440); JP-A-2-25850; Y. Jian et at, Polym. Mater. Sin & Eng. 66. 41 (1992). etc.). 

But, when the polymers disclosed in these references are, for example, phenol ether polymers such as poly(p-tert- 
butoxycarbonyloxystyrene), poly(p-tert-butQxystyrene), poly(p-tert-butoxycarbonyioxy-a-methylstyrene). poly(p-tert- 
butoxy-a-methylstyrene), poly(tert-butyl p-isopropenylphenoxyacetate), poly(p-tert-butoxycarbonylaxystyrenefeulfone). 
poly(p-tetrahydropyranyloxystyrene), poly{p-{1-methoxyethoxy)styrene}, poly{p-(1-phenoxyethoxy)styrene}. etc., films 
produced are easily peeled off due to poor adhesiveness to a substrate at a time of development, resulting in failing to 
obtain a good pattern with high heat resistance. In the case of a caiboxylic acid-based polymer, for exanrple. poly(tert- 
butyl p-vinylbenzoate) or poly(tetrahydropyranyl p-vinylbenzoate). resolution is not good due to insufficient light trans- 
mittance near 248.4 nm caused by a benzoyl group. Further, in the case of poly(tert-butyl methacrylate). there are prob- 
lems of poor heat resistance of the polymer and poor resistance to dry etching. 

Recently, various chemically amplified resist materials overcoming the above-mentioned disadvantages have been 
reported: for example, a resist material using a poly(p-tert-butQxycarbonyloxystyrene/p-hydroxystyrene) (JP-A-2- 
209977, and JP-A-3-206458): a resist material using a poly(p-tetrahydropyranyloxystyreney|3-hydroxystyrene) (JP-A-2- 
19847. JP-A-2-161436, and JP-A-3-83063); and a resist material using a poly(p-tert-butQxystyrene/tD-hydroxystyrene) 
(JP-A-2-62544, JP-A-4-211258=U.S.R 5,350.660). But the resist materials using such polymers as mentioned above 
have problems of a delay time and substrate dependency. The problem of delay time is a problem of variation of pattern 
size or deterioration of pattern shape during a period from resist coating to exposure to actinic radiation, or a period 
from exposure to actinic radiation to heat treatment (PEB) due to a circumstance atmosphere of an amine or the like or 
an insufficient solvent holding ability. The problem of substrate dependency is a problem of capable of forming or inca- 
pable of forming a pattern depending on the material used for a semiconductor substrate, for example, Si02, Si3N4, 
Ti3N4, Si02 added with boron (B) and phosphorus (P) (BPSG). or polysllicon. 

On the other hand, there are proposed resist materials comprising a polymer introducing an acetal group and ketal 
group as a protecting group thereinto [e.g. poly(p-1-methoxy-1-metiiylethoxystyrene/p-hydroxystyrene)] and as a pho- 
toacid generator a triphenylsulfonium salt derivative or a diphenyliodonium solt (JP-A-2-1 61 436, JP-A-4-21 9757. JP-A- 
5-281745 and JP-A-3-282550). But these materials have a problem of generation of scum (a residue generated at tiie 
time of development) which brings about a problem of tramsfer to an underlying substrate by etching, and problems of 
substrate dependency and delay time. Furtiier, JP-A-5-249682 discloses a resist material comprising a polymer such 
as poly(p-1 -etiioxyethoxystyreneyp-hydroxystyrene), poly(p-1-methoxyethoxystyrene/p-hydrQxystyrene). poly(p-1- 
methoxy-1 -methyletiioxystyrene/p-hydroxystyrene), poly{p-1 -ethoxyethoxystyrene/p-hydroxystyrene/methyl methacr- 
ylate) or poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/fumaronitrlle), and a photoacid generator such as a diazodi- 
sulfone compound. Such a resist material is excellent in resolution, without a problem in delay time, but has problems 
in the substrate dependency, heat resistance, roughness of side walls of pattern, and generation of scums. In addition. 
JP-A-6-1 94842 discloses a resist material comprising a polymer such as poly(p-1-ethoxyethoxystyrene/p-hydroxysty- 
rene/p-tert-butoxystyrene) and an acid generator such as a diazodisulfone compound. Such a resist material is excel- 
lent In resolution, mask linearity, heat resistance, without a problem in delay time, but have problems in the substrate 
dependency and generation of scum. 

In order to solve a problem of dissolution speed difference at the time of development, there are reported resist 
materials comprising a polymer controlling molecular weight distribution [e.g. a monodlsperse polymer such as poly(p- 
tert-butoxystyrene), poly(p-teti'ahydropyranyloxystyrene/|3-hydroxystyrene). poly(p-tert-butQxycarbonyloxystyrene/p- 
hydroxystyrene), poly(p-tert-butoxycarbonyIoxystyrene/styrene/p-hydroxystyrene), etc.] and a triphenylsulfonium salt 
(e.g. JP-A-6-273934. JP-A-6-49134, JP-A-4-195138, JP-A-5-132513, JP-A-7-268030, etc.). But these resist materials 
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using the monodisperse polymers have also the problems of p>oor resolution, delay time and substrate dependency like 
the above-mentioned resist materials, since the group eliminated by the acid is a tert-butyl group, a tert-butoxycartx)nyl 
group, a tetrahydropyranyl group, etc. which are also used in the above-mentioned resist rrtaterials. 

As mentioned above, chemically amplified type resist materials now present cannot be used practically, since there 

5 are many problenrc such as poor heat resistance of the polymer used as a major component, poor adhesiveness to the 
substrate, poor light trar^mittance near 248.4 nm. poor solvent holding ability, insufficient chemically amplifying action, 
ir^ufficient resolution caused by non-uniform developing speed at the time of development, changes of pattern size and 
pattern shape with the lapse of time (so-called ''a problem in delay time"), poor storage stability, poor focus margin, poor 
mask linearity, footing (broader bottoms in a pattern) and retention of of scum, roughness of side walls of a pattern, the 

10 substrate dependency and the like. Therefore, functional polymers which can solve these problems have been 
demanded. 

SUMMARY OF THE INVENTION 

15 It is an object of the present invention to provide a polymer usable as a major component In a practically usable 
resist material which has high transmittance for ultraviolet light, particularly deep ultraviolet light and KrF excimer laser 
beams having a wavelength of 300 nm or less, high sensitivity to exposure to light using such a light source, electron 
beams, soft X-rays radiation, remarkably excellent heat resistance and adhesiveness to a substrate, high resolution, no 
change of pattern size with the lapse of time, capability to obtain a pattern with high precision, excellent storage stability. 

20 broard focus margins, good maks linearity, no substrate dependency, no footing nor scums and ability to obtain rectan- 
gular pattern shape with smooth sidewalls. 

The present invention provides a polymer having repeating units of the formula: 



25 



30 



35 



so 




[1] 



wherein and are independently a hydrogen atom or a lower alkyi group; R^ and R^ are independentiy a hydrogen 
atom or. an alkyI group which may be sustituted with one or more halogen atoms, or and R^ can form an alkylene 
ring together with the interposing carbon atom, provided that R^ and R"* cannot be hydrogen atoms at the same time; 
40 R^ is an alkyt group which may be substituted with one or more halogen atoms, or an aralkyi group; R^ is a phenyl group 
which may have one or more substituents, a cariDoxyl group which may be substituted with an alkyI group, or a cyano 
group: m and n are independentiy an integer of 1 or more; k is zero or an integer of 1 or more, provided that 
0.1 ^ (m + k)/(m + n + 1^ ^ 0.9 and 0 ^ k/(m + n + k) ^ 0.25 , said polymer having a degree of dispersion of 1 or more 
and less than 1.5. 

45 The present invention also provides a resist material comprising the polymer mentioned at»ove. 

The resist material further comprises a photoactd generator which generates an acid by exposure to actinic radia- 
tion. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a chart of the polymer obtained in Production Example 1 measured by gel-permeation chromatography 
(GPC). 

Figs. 2A to 20 are cross-sectional views showing a process for forming a positive work pattern using the resist 
material of the present irrvention. 
55 Fig. 3 is a graph showing a good mask linearity of the resist material obtained in Example 1 . 
Fig. 4 is a cross-sectional view of the good pattern obtained in Exanple 1. 

Fig. 5 is a cross-sectional view of the poor pattern with 0.30 ^ US obtained in Comparative Example 1 . 
Fig. 6 is a cross-sectional view of the T-shaped positive working pattern using the resist material of obtained by 
Comparative Example 1 . 
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Fig. 7 is a cross-sectional view of the poor pattern witli 0.20 US obtained in Comparative Example 4. 
Fig. 8 is a cross-sectional view of the pattern poor in heat resistance after baked at 1 20''C for 1 50 seconds obtained 
in Comparative Example 1. 

Fig. 9 is a graph showing a poor mask linearity of the resist material obtained in Comparative Example 4. 
Fig. 10 Is a GPC chart of the polymer used in Comparative Example 4. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The polymer of the present invention has repeating units of the formula: 

I 

[1] 




20 



wherein R^ and R^ are independently a hydrogen atom or a lower alkyi group; R^ and R^ are independently a hydrogen 
25 atom or an atkyi group which may be sustituted with one or more halogen atoms, or R^ and R^ can form an alkylene 
ring together with the interposing cartx>n atom, provided that R^ and R^ cannot be hydrogen atoms at the same time; 
R^ Is an alkyI group which may be substituted with one or more halogen atoms, or an aralkyi group; R^ Is a phenyl group 
which may have one or more substituents. a carboxyl group which may be substituted with an alkyI group, or a cyano 
group; m and n are independently an integer of 1 or more; k is zero or an integer of 1 or more, provided that 
30 0.1 ^ (m + k)/(m + n + ^ 0.9 and 0 ^ k/(m + n + k) ^ 0.25 . said polymer having a degree of dispersion of 1 or more 
and less than 1.5. 

In the formula [1], the lower alkyI group in the d^initions of R"* and R^ is that having 1 to 4 carbon atonns, for exam* 
pie. a methyl group, an ethyl group, a n-propyl group, an isopropyl group, a n-butyl group, an isobutyl group, a tert-butyl 
group, and a sec-butyl group. 

35 As the alkyI group which may be substituted with one or more halogen atoms In the definitions of R^, R"^ and R^, 
there can be used a straight, branched or cyclic alkyI group preferably having 1 to 10 carbon atoms, for example, a 
methyl group, an ethyl group, a n-propyl group, an isopropyl group, a cydopropyl group, a n-butyl group, an isobutyl 
group, a tert-butyl group, a sec-butyl group, a n-pentyl group, an isopentyl group, a tert-pentyl group, a 1-methylpentyl 
group, a cyclopentyl group, a n-hexyl group, an isohexyl group, a cyclohexyl group, a heptyl group, an octyl group, a 

40 nonyl group and a decyl group. 

As the halogen which can substitute one or more hydrogens of the alkyI group in the definitions of R^, R"* and R^, 
there can be used chlorine, bromine, fluorine and iodine. 

The aralkyi group in the definition of R^ includes, for example, a benzyl group, a phenetyl group, a phenylpropyl 
group, a methylbenzyl group, a methylphenetyl group, an ethylbenzyl group, etc. 

45 The substituent for the phenyl group in the definition of R^ includes a halogen atom such as chlorine, bromine, flu- 
orine and iodine; a straight, branched or cyclic alkyI group preferably having 1 to 10 carbon atoms, for example, a methyl 
group, an ethyl group, a n-propyl group, an isopropyl group, a cydopropyl group, a n-butyl group, an isobutyl group, a 
tert-butyl group, a sec-butyl group, a n-pentyl group, an isopentyl group, a tert-pentyl group, a 1 -methylpentyl group, a 
cydopentyl group, a n-hexyl group, an isohexyl group, a cyclohexyl group, a heptyl group, an octyl group, a nonyl group, 

50 a decyl group, etc.; a straight or branched alksxy group preferably having 1 to 6 carbon atoms, for example, a methoxy 
group, an ethoxy group, a n-propoxy group, an isopropoxy group, a n-butoxy group, an isobutoxy group, a tert-butoxy 
group, a sec-butoxy group, a n-pentyloxy group, an isoperrtyloxy group, a n-hexyloxy group, an Isohexyloxy group, etc; 
a 5 or 6-membered saturated heterocyclidoxy group such as a tetrahydrofuranyioxy group, a tetrahydropyranyloxy 
group, etc.; or a group off the formula: R^O-CO-(CH2)jO-, wherein R^^ is an alkyI group; and j is zero or an integer of 

55 1 . The alkyI group in the definition of R^^ is that having preferably 1 to 8 cart>on atoms, for example, a methyl group, an 
ethyl group, a propyl group, a butyl group, a 1 -methylcyclopentyl group. 1-methylcydohexyl group, etc. 

Concrete examples of the group of the formula: R2^0-CO-(CH2)jO- include an ethoxycarbonyloxy group, an isopro- 
poxycarbonyloxy group, an isobutoxycarbonyloxy group, a tert-butoxycartx)nyloxy group, a tert-amyloxycarbonyloxy 
group, a methoxycart>onylmethoxy group, an ethQxycartx)nylmethoxy group, a n-propoxycarbonylmethoxy group, an 
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isopropoxycartxjnylmethoxy group, a n-butoxycarbonylmethoxy group, an isobutoxycarbonylmethoxy group, a sec- 
butoxycarbonylmethoxy group, a tert-butoxycartx)nylmethQxy group, a l-methylcydopentyloxycarbonylmethoxy group, 
a 1-methy1cyctohexyloxycartx>nylmethQxy group, etc. 

The alkyl group as the sul>stituent for the carboxyl group in the definition of can be straight, branched or cyclic 
5 aikyi groups preferably having 1 to 6 carbon atonr^, for example, a methyl group, an ethyl group, a n-propyl group, an 
isopropyl group, a cyclopropyl group, a n-butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group, a nisentyl 
group, an isopentyl group, a tertiDentyl group, a 1 -methylpentyl group, a cyclopentyl group, a n-hexyl group, an isohexyl 
group, a cyclohexyl group, etc. 

The polymer of the present Invention comprises a monomer unit of the formula: 



I 

- C - CHj - 



15 



20 




25 



30 



having a functional group of the formula: 

I 

- o - c - o 



- R' 



[2] 



wherein R\ R^, R^. R"^ and R^ are as defined above, the functional group of the formula [2] being able to be easily elim- 
inated by a small amount of acid, for example, an atkoxyalkyi group, a haloalkoxyaltoxy group or an aralkyloxyalkoxy 
35 group, 

a monomer unit of the formula: 



40 



45 




[4] 



wherein R'' is as defined above, so as to improve adhesiveness to substrate and heat resistance, and 
50 a monomer unit of the formula: 



55 



I 

- C - CHj 



[5] 



wheren and are as defined above, so as to inprove light transmittance at exposed areas to light, and to improve 
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mask linearity by controlling developing speed, said monomer unit of the formula [5] being used optionally depending 
on purposes, and said polymer having a degree of dispersion of molecular weight (Mw/Mn, Mw=weight-average molec- 
ular weight and Mn=:number-average molecular weight) in the range of 1 or more and less than 1.5. 

When the polymer having the repeating units of the formula [1] is used as a polymer component in a resist material, 

5 since the functional group of the formula [2] can remarkably easily be eliminated by the action of an acid to form a phe- 
nolic hydroxyl group compared with known functional groups such as a tert-butoxycarbonyloxy group, a tert-butoxy 
group, a trimethylsilyloxy group, a tetrahydropyranyloxy group, a tert-butoxycartx)nylmethoxy group, etc.. it is very 
advantageous to improve the resolution and to maintain pattern size without any change with the lapse of time (free 
from the problem in delay time) due to difficultly influenced by circumstances. 

10 Even if a polymer has repeating units of the formula [1], when the polymer is obtained by a conventional radical 
polymerization and has a large degree of dispersion (e.g. more than 1 .5, particularly 2 or more), there bring about var- 
ious disadvantages when used as a polymer component in a resist material due to non-constant introducing ratio of the 
functional group of the formula [2]. The disadvantages are, for example, roughness of sidewalls of pattern due to differ- 
ence in dissolution rate for a developer from a viewpoint of molecular level, remarkable appearance of scums, etc. 

15 In contrast, when the polymer having repeating units of the formula [1] and a degree of dispersion of 1 or more and 
less than 1 .5 (i.e., monodisperse polymer) is used, since the introducing ratio of the functional group of the formula [2] 
becomes constant, the dissoltlon rate for a developer becomes constant from a viewpoint of molecular level, resulting 
in making the sidewalls of pattern smooth and improving scums at bottom portion of pattern. 

The polymer of the present invention having repeating units of the formula [1] with a small degree of dispersion can 

20 usually be used alone as a polymer component in a resist material. But it is possible or preferable to mix two or more 
polymers of the present invention havng repeating units of the formula [1] with different functional groups and with a 
small degree of dispersion or to mix two or more monodisperse polymers hving different weight-average molecular 
weight so as to further improve the resolution, substrate adhesiveness, delay time, maintaining of pattern size, mask 
linearity, focus margin, and smoothness of sidewalls of pattern, etc. due to supplemental effects of individual polymers. 

25 Particularly when two or more polymers of the present invention having different weight-average molecular weights are 
mixed, more improvement in the resolution and substrate dependency can be expected. 

Examples of the monomer having the monomer unit of the formula [3] are p- or m-hydroxystyrene derivatives, p- or 
m-hydroxy-a-methylstyrene derivatives, etc. Such monomers include, for example, p- or m-1 -methoxy-1 -methylethoxy- 
styrene, p- or m-1 -benzyloxy-1 -methyl ethoxystyrene, p- or m-1 -ethoxyethoxystyrene. p- or m-1-methoxyethoxystyrene, 

30 p- or m-1-n-butoxyethoxystyrene, p- or m-l-isobutoxyethoxystyrene, p-or m-1-(1,1-dimethylethoxy)-1-methylethoxysty- 
rene, p- or m-1-(1,1-dimethylethoxy)ethQxystyrene, p- or mo-1-(2-chloroethoxy)ethoxystyrene, p- or m-1-(2-ethylhexy- 
loxy)ethoxystyrene, p- or m-l-ethoxy-l-methylethoxystyrene. p- or m-1-n-propoxyethoxystyrene, p- or m-1-methyl-1-n- 
propoxyethoxystyrene, p- or m-1 -ethoxypropoxystyrene. p- or m-1 -methoxybutoxytstyrene, m- or p-1 -methoxycyclohex- 
yloxystyrene, etc. It is also possible to use p- or m-hydroxy-a-methylstyrene derivatives having the same protective 

35 groups as the p- or m-hydroxystyrene derivatives mentioned above. 

Examples of the monomer having the monomer unit of the formula [4] are monomers having a phenolic hydroxyl 
group, for example, p- or m-vinylphenol, p- or m-hydroxy-a-methylstyrene, etc. 

Examples of tiie monomer having the monomer unit of the formula [5] are styrene, a-methylstyrene, p-chlorosty- 
rene, o-, m- or p-methylstyrene, o-, m- or p-methoxystyrene, p-n-butylstyrene, p-ethoxystyrene, m- or p-1-methylcy- 

40 clohexyloxystyrene, m- or p-1-methylcyclopentyloxystyrene, m- or p-tert-butoxys4yrene, m- or p- 
tetrahydropyranyloxystyrene, m- or p-tetrahydrofuranyloxystyrene, m- or p-methoxycarbonyloxystyrene. m- or p-ethox- 
ycaibonyloxystyrene, m- or p-isopropoxycarbonyloxystyrene, m- or p-isobutoxycarbonyloxystyrene, m- or p-tetrabutox- 
ycarbonyloxystyrene, m- or p-isoamyloxycarbonyloxy styrene, m- or p-tert-amyloxycarbonyloxystyrene. tert-butyl m- or 
p-vinylphenoxyacetate, 1 -methylcyclopentyl, m- or p-vinylphenoxyacetate, l-metiiylcydohexyl m- or p-vinylphenoxyac- 

45 etate. etc. It is also possible to use a-methylstyrene derivatives having the same substituents of the styrene derivatives 
as mentioned above, acrylic acid, methacrylic acid, methyl acrylate, methyl methacryalte, ethyl methacrytate, n-butyl 
methacrylate, tert-butyl methacrylate. cyclohexyl metiiacrylate, acrylonitrile, etc. 

In the polymer of the present invention having repeating units of the formula [1], a total of the monomer unit of the 
formula [3] and the monomer unit of the formula [5] is preferably 10 to 90% by mole, more preferak^y 20 to 50% by mole, 

50 so as to improve heat resistance, adhesiveness to a substrate and mask linearity when used as a polymer component 
in a resist material. 

The monomer unit of tiie formula [5] is contained in the repeating units of the formula [1] usually in the range of 0 
to 25% by mole, preferably in the range of 0 to 15% by mole, so as to improve the mask linearity while controlling a low- 
ering of resolution when used as a polymer component in a resist material. 
55 Examples of the polymer of tiie present invention having repeating units of the formula [1] are as follows: 

poly[p-(1 -methoxy-1 -methylethoxy)styrene/p-hydroxystyrene], 
poly[p-{1-benzyloxy-1-methylethoxy)styrene/p-hydroxystyrene], 
poly[p-(1 -ethoxyethoxy)styrene/0-hydroxystyrene], 



6 

BNSDOCID: <EP 0789279A1_I_> 



EP0 789 279 A1 



poty[p-(1 -methoxyethoxy)styrene/j>hydroxystyrene], 

poIy[p-(1 -n-butoxyethoxy)styrene/i3-hydroxystyrene]. 

poly[p-(1 , 1 -dimethylethoxy)- 1 -methylethoxystyrene/|3-hydroxystyrene]. 

poly[p-(1 -methoxy- 1 -methyiethosy)styrene/p-hydrQxystyrene/styrene]. 

5 poly[p-(1 -methoxy- 1 -metlTylethoxy)styrene/|>hydroxystyreneyi3<*ilorosty^ 

poly[p-(1-methoxy-1-methylethoxy)styreney|;)-hydroxystyren 
poly03-(1 -methoxy- 1 -methylethoxyjstyrene/lD-hydrQxystyrene^ 
polylp-{1 -methoxy-1 -methylethoxy)styrene/i>hydroxystyreneyj>tert-biitoxystyrene] 
poly[p-(1 -methoxy- 1 -methylethoxy)styrene/i>hydroxystyrene/i)- 1 -methylcydohexyloxystyrene] , 

10 poly[p-(1 -methoxy-1 -methylethoxy)styreneyiD-hydroxystyrene/|3-tetrahydropyranylQxystyrene] 
poly[p-(1-methoxy-1-methylethoxy)styreneyi3-hydroxystyrene^-isobutoxycart^ 
poly[p-(1 -methoxy-1 -methylethoxy)styreneyk5-hydroxystyrene/p-isopropoxycarbonylo>^ 
po\ylp-{1 -methoxy-1 -methylethoxy)styrene/iD-hydroxystyrene/methy[ methacrylate], 
polylp-(1 -methoxy-1 -methylethoxy)styreneyiD-hydroxystyrene/lert-bLJtyl methacrylate], 

15 polylp-(1-methoxy-1-methylethoxy)styreney|3-hydroxystyrene/cyclohexyl methacrylate], . 
poly[p-(1-methoxy-1-methylethoxy)styreney|D-hydroxystyrene/acrylonitrile]. 
poly[p-(1 -benzyloxy-1 -mettiylethoxy)styrene/t>-hydrQxystyrene/styrene], 
poly[p-(1-benzyloxy-methylethoxy)styrene/|F)-hydroxystyren6^p-chlorostyrene]. 
poly[p-(1-ben2yIoxy-1-methylethoxy)styrene/iE>-hydrQxystyrene/j3-methyistyrene]. 

20 poly[p-(1 -benzyloxy-l -methylethoxy)styrene/p-hydraxystyrene/iD-ethoxystyrene]. 

poly[p-(1 -benzyloxyO -methylethoxy)styrene^-hydrQxystyrene/|D-tert-t)utoxystyrene], 
poly(p-1 -ethoxystyrene/p-hydroxystyrene/styrene). 
poly(p-1-ethGxystyrene/p-hydroxystyrene/p-chlorostyrene), 
poly(p-1-ethoxyethoxystyreneyjD-hydraxystyrene/|5-methylstyrene), 

25 poly(p-1 -ethoxyethoxystyrene/i^-hydroxystyrene/m-methylstyrene), 
poly(p-1-ethoxyethoxystyrene/p-hydrQxystyrene/iD-methoxystyrene)» 
poly(p- 1 -ethoxyerthcxystyrene/kD-hydrcxysty rene^-ethoxystyrene), 
poly(p-1-ethoxyethoxystyreneyiD-hydroxystyrene/k>-tert-butoxystyrene), 
poly(p-1-ethoxyethoxystyrene/k5-l^droxystyrene/l3-methoxycailDonyloxysty^ 

30 poly(p-1 -ethoxyethoxystyrene/p-hydraxystyrene/|D-ethaxycaitK)nyloxystyrene), 

poly(p-1-ethoxyethoxystyreneyp-hydraxystyreneyp-isopropoxycarbonytoxystyrene), 
poly(p-1-methoxyethoxystyrene/p-hydroxystyrene/p-isobutoxycait)onyloxystyrene), 
polyft>- 1 -ethoxyethoxystyreney^j-hydroxystyrene/lD-isobutoxycarbonyloxystyrene) , 
poly{p-1-ethoxyethoxystyrene/J)-hydroxystyrene/|3-isoamyloxycarbonyloxystyrene). 

35 poly(p-1-ethoxyethoxystyrene/p-hydrQxystyrene/p-tert-amyloxycarbonylc^ 

poly(p-1 -ethoxyethoxystyrene/k^-hydroxystyrene/p-l -methylcydohexploxystyrene), 
poly(p-1 -ethoxyethoxystyrene/jD-hydroxystyrene/methyl methacrylate), 
poly(p-1 -ethoxyethoxystyrene/p-hydroxystyrene/tert-butyl methacrylate), 
poly(p-1 -ethoxyethoxystyreneyj^-hydroxystyrene/cyclohexyl methacrylate). 

40 poly(p-1 -ethoxyethoxystyrene/|D-hydraxystyrene/acrylonitrile), 
poly(p-1-methoxyethoxystyrene/p-hydroxystyrene/styrene), 
poly(p-1-methoxyethoxystyrene/p-hydroxystyrene/p-methylstyrene), 
poly(p-1-methoxyethoxystyrene/p-hydroxystyrene/m-methylstyrene). 
poly(p-1-methoxyethoxystyrene/p-hydroxystyrene/|F)-chlorostyrene). 

45 poly(p-1 -methoxyethoxystyrene/p-hydroxystyrene/>>-methoxystyrene), 
poly(p- 1 -methoxyethoxystyrene/p-hydroxystyrene/|3-ethoxystyrene) , 
poly(p-1-methoxyethoxystyrerie/p-hydroxystyrene/p-tert-butoxystyrerie). 
poly(p-1 -methoxyethoxystyrene/p-hydroxystyrene/jp-1 -methylcydohexyloxystyrene). 
poly(p-1-methoxyethoxystyrene/p-hydroxystyrene/methyl methacrylate). 

so poly(p-1 -methoxyethoxystyrene/p-hydroxystyrene/tert-butyl methacrylate), 
poly(p-1 -methoxyethoxystyrene/t>-hydroxystyrene/cyclohexyl methacrylate), 
poly(p- 1 -methoxyethoxystyrene/p-hydroxystyrene/acrylonitrile). 
poly(p-1-n-butoxyethoxystyrene/p-hydroxystyrene/p-n-butylstyrene), 
poly(p-1 -isobutoxyethoxystyrene/p-hydroxystyrene/o-methoxystyrene) , 

55 poly{p[(1 . 1 -dimethylethoxy)- 1 -methylethoxy]styrene/i5-hydroxystyrene/m-methoxystyrene}, 
poly{p-(1 , 1 -dimethylethoxy)- 1 -methylethoxystyrene/|p-hydroxystyrene/o-methylstyrene). 
poly[m-1-(2-chloroethoxy)ethoxystyrene/rrhhydroxystyrene/styrene], 
poly[m-1-(2-ethylhexyfoxy)ethoxystyrene/m-hydroxystyrene/m-methylstyrene]. 
poly[p-(1-methoxy-1-methylethoxy)-a-methyistyrene/|p-hydraxy-a-methylstyrene/sty^ 
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poly[p-(1 -ethoxy-1 -methylethoxy)styrene/p-lTydroxystyrene/p-methylstyrene], 

poly(p- 1 -n-propoxyethoxystyrene/p-hydraxystyreneyk^-methoxystyrene) . 

poly03-(1 -methyi-1 -n-propoxyethaxy)styrene/p-hyclroxystyrene/i3-methylstyrene], 

poly(m-1 -ethoxypropoxystyrene/m-hydroxystyrene/m-tert-butoxystyrene) , 
5 poly(m-1 -ethaxypropoxystyrene/m-hydroxystyrene/p-methylstyrene), 

po!y[m-(1 -methoxy-1 -methylethOKy)styrene/m-hydroxystyrene/m-tert-butoxystyrene], 

poly (p- 1 -ethoxyethoxystyrene/p-hydroxystyreneyiD-tetrahydrof uranyloxyst^^ 

poly(p- 1 -ethoxyethoxysty rene/p-hydroxystyreneTp-tetrahydropyranyl wystyr^ 

poIy(p-1-methoxyethoxystyrene/p-hydroxystyreneyi3-tetrahydropyranylo^^ 
10 poly(p-1-ethoxyethoxystyrene/p-hydroxystyreneyi3-tert-butoxycarbonylox^ 

poly (p- 1 -methoxyethoxystyrene/p-hydroxystyrene/iD-tert-butoxycartonyloxystyrene) 

poIy[p-(1 -methoxy-1 -methylethoxy)styrene/p-hydroxystyrene/p-tert-b^^ 

poIy(p-1 -ethoxyethoxystyrene/p-hydroxystyrene/lert-butyl p-vinylphenoxyacetate), 

poly(p-1-methoxyethoxystyrene/p-hydrQxystyrene/tert-butyl p-vinylphenoxyacetate). 
15 poly(p- 1 -methoxyethoxystyrene/p-hydroxystyrene/1 -methylcyclohexyl p-vinylphenoxyacetate). 

poly(m-1-ethoxyethoxystyrene/m-hydroxystyrene/m-tert-butoxycarbonyloxystyrene), 

poly(m-1-ethQxyethoxystyrene/m-hydroxystyrene/m-tert-butoxystyrene), 

poly(m-1 -methoxyethoxystyrene/m-hydroxystyrene/m-tert-butoxystyrene), and 

poIy(p-1 -methoxybutoxystyrene/p-hydroxystyrene/styrene). 

20 

Needless to say. the examples are not limited to those mentioned above. 

The polymer of the present invention having repeating units of the formula [1] can easily be obtained, for example, 
by the following processes a) to d). 

25 a) Process- 1 



A monomer of the formula: 




wherein is as defined above, and a monomer of the formula: 



R2 

1 

C ^ CHj [7] 



wherein and R^ are as defined above, are polymerized in the presence of a living anion polymerization initiator in an 
anhydrous organic solvent in a stream of nitrogen or argon at -80**C to 0**C for 0.5 to 1 0 hours. As the living anion polym- 
erization initiator, there can be used n-butyllithium, sec-butyllithium, tert-butyllithium, naphthalene potassium, cumyl 
potassium, etc. As the oranic solvent, there can be used benzene, toluene, ethyl ether, 1 .2-dimethoxyethane, tetrahy- 
55 drofuran, cyclohexane, n-hexane. tetrahydropyrane, etc. 

The polymerization is stopped by pouring methanol, water, or the like, followed by a corrverrtional after-treatment to 
isolate a copolymer having repeating units of the formula: 
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15 wherein R\ R^, and k are as defined above; and e is an integer of 1 or more, provided that 0.75 ^ e/(k + e) s: 0.99 . 
Then, the copolymer is reacted with an acid in an oranic solvent at 30*' to 1 10**C for 1 to 20 hours to eliminate the 
functional group of tert-butyl group completely. As the organic solvent, there can be used tetrahydrofuran, acetone, 
methanol, ethanol, isopropanol. n-propanol. n-butanol, sec-butanol, tert-butanol. 1.4-dioxane, 1 .3-dioxolane. etc. As 
the acid, there can be used an inorganic add such as sulfuric acid, phosphoric acid, hydrochloric add. hydrobromic 
20 acid, etc. and an organic acid such as a Lewis acid, p-toluenesulfonic acid, malonic acid, oxalic acid. etc. 
After the reaction, the resulting hydroxystyrene copolymer having repeating units of the formula: 

1 1 
25 - CHj ^ C - CHj^ [9] 



30 




OH 



wherein R\ R^, R^, e and k are as defined above, is isolated by a convention after-treament. 
35 The resulting copolymer is reacted with a vinyl ether or an isopropenyl ether of the formula: 

1 

^ - O - C » CHj [10] 



wherein R^ and R^ are as defined above, in an organic solvent in the presence of a catalyst at 10^ to 100*^0 for 1 to 30 
hours to chemically introduce the functional group of the formula [2] into the copolymer. As the organic solvent, there 
can be used tetrahydrofuran, acetone, methyl ethyl ketone, methyl isobutyl ketone. 2-heptanone, 1 ,4-dioxane. 1 ,3-diox- 
45 olane. methylene chloride. 1 ,2-dimethoxyethane. ethyl ether, ethyl acetate, propylene glycol monomethyl ether acetate, 
etc. As the catalyst, there can be used sulfuric add, hydrochloric acid, oxychlorophosphorus, p-toluenesulfonic add. 
chlorosulfonic add • pyridine salt, sulfuric add • pyridine salt, p-tduenesulfonic acid • pyridine salt, etc. 

The resulting copolymer is subjected to a conventional after-treatment to isolate the polymer having repeating units 
of the formula [1]. 

50 

b) Process-2 

After polymerizing a nrwnomer of the formula [6] in the same manner as described In the Process-1, the resulting 
homopolymer having repeating units of the formula: 

55 
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1 



— ( C - CHj ) 



10 




[11] 



15 wherein is as defined above; and d is an integer of 1 or more, is isolated by a conventional after-treatment. 

Then, the homopolymer is reacted with an acid in an organic solvent at 30** - 100*0 for 1 to 10 hours to eliminate 
the functional group of tert-butyl group. As the organic solvent, there can be used tetrahydrofuran, acetone, 1.4-diox- 
ane, 1 ,3-dioxolane, methanol, ethanol, n-propanol, Isopropanol, n-butanol. sec-butanol. tert-butanol, etc. As the acid, 
there can be used an inorganic add such as sulfuric acid, phosphoric add, hydrochloric acid, hydrobromic acid, etc., or 
20 an organic add such as a Lewis acid, p-toluenesulfonic add. malonic acid, oxalic add, etc. 

After the reaction, the resulting hydroxystyrene copolymer having repeating units of the formula: 



25 



30 



35 



40 




[12] 



wherein and k are as defined alDOve; and f - m + n , is isolated by a conventional after-treatment. 

After introducing the functional group of the formula [2] into the copolymer in the same manner as the Process-1, 
the resulting copolymer is subjected to a conventioal after-treatment and the polymer having repeating units of the for- 
mula [1] Is isolated. 

c) Process-3 

After polymerizing a monomer of the formula [6] or a monomer of the formula: 



45 



50 




[13] 



O-C-CH3 



55 



wherein R^ is as defined above, In the same manner as described in the Process-1 , the resulting homopolymer having 
repeating units of the formula [1 1] or repeating units of the formula: 
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30 



35 




[14] 



10 



75 wherein is as defined above, is isolated by a conventional after-treatment. 

Then, the resulting honiopolymer is reacted in a solvent in a nitrogen stream in the presence of a suitable base or 
acid at 10** to 70*C for 0.5 to 10 hours to eliminate the functional group of tert4Dutyl group or acetyl group, completely. 
As the solvent, there can be used tetrahydrofuran, 1.4-dioxane. 1 .3-dioxolane, ethyl acetate, methanol, ethanol. n-pro- 
panol, isopropanol. n-butanol. sec-butanol. water, etc. As the base, there can be used alkali hydroxides such as sodium 

20 hydroxide, potassium hydroxide, etc.; alkali cart>onates such as sodium cartDonate, potassium carbonate, etc.; ammo- 
nia water; organic amines such as hydroxylamine, triethylamine, NH7iethyl-2-pyrrolidone, piperidine. etc.; tetraalkylam- 
monium hydroxides such as tetramethylammonium hydroxide, choline, etc. As the acid, there can be used an inorganic 
acid such as sulfuric acid, hydrochloric acid, phosphoric acid, hydrobromic acid. etc. and an organic acid such as a 
Lewis add, p-toluenesutfonic acid, malonic acid, oxalic acid. etc. 

25 After the reaction, a hydroxystyrene polymer havng repeating units of the formula: 




[15] 



OH 



wherein and d are as defined above, is isolated by a conventional method. 

After Introducing the functional group of the formula [2] into the homopolymer in the same manner as described in 
40 the Process-1 , the polymer having repeating units of the formula [1] is isolated by a conventional after-treatment. 

d) Process-4 

The homopolymer havng repeating units of the formula [15] obtained in the Process-3 is reacted with an agent for 
45 protecting the hydroxy! grop in an organic solvent in the presence of a base at 1 0^ to 1 0O^'C for 0.5 to 30 hours. As the 
organic solvent, there can be used tetrahydrofuran. 1 ,4-dioxane. ethyl acetate, methyl ethyl ketone, acetone, methylene 
chloride, 1 ,3<fioxolane, methanol, ethanol, n-propanol, isopropanol. n-butanol. sec-butanol, tert-butanol. etc. As the 
base there can be used alkali hydroxides such as sodium hydroxide, potassium hydroxide, etc.; alkali cartx>nates such 
as sodium cariaonate, potassium carbonate, etc.; ammonia water; organic amines such as hydroxylamine. triethyl- 
50 amine, N-methyl-2-pyrrolidone, piperidine, etc.; tetraaikylammonium hydroxides such as tetramethylammonium hydrox- 
ide, choline, etc. As the agent for protecting the hydroxy! group, there can be used dialkyi dicart>onates such as di-tert- 
butyl dicarbonate; alkyi chlorocarbonates such as methyl chlorocartjonate; 2,3-dihydrofuran, 2,3-dihydropyran, tert- 
butyl monochloroacetate. l-methylcydohexyl monochloroacetate. isobutene, dimethyl sulfate, methyl iodide, crfilorin- 
ated 1 -methytocyclohexyt, etc. After the reaction, there can be obtained a polymer having repeating units of the formula 
55 [9] by a conventional after-treatment 

The resulting polymer is subjected to the Introduction of the functional group of the formula [2] in the same manner 
as described in the Process-1. followed by a conventional after-treatment to isolate the polymer having repeating units 
of the formula [1]. 

Apart from the polymerization using a living anion polymerization initiator in the Process-1. the polymer having 
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repeatng units of the formula [1] can also be obtained by radical polymerization using a conventional peroxide polym- 
erization initiator or an azo polymerization initiator, followed by repeat of reprectpitation of the polymer so as to narrow 
the molecular weight distribution, and the same treatment as In the Process-1 . 

When the polymer having repeating units of the formula [1] is used in a resist material, a preferable polymer has 
5 repeating units of the formula: 

R^ 

1 I I 



10 



IS 




20 wherein and are independently a hydrogen atom or a lower alkyl group; either one of R^ and R^ is a hydrogen 
atom or an lower alkyl group and the rest of R^ and R"^ is a lower alkyl group; R^ is a lower alkyl group; R^ is a phenyl 
group substituted with a lower alkyl group, a lower alkoxy group, or a group of the formula: R^0-C0-(CH2)j-0- (in which 
R^^ is a lower alkyl group; j is zero or an integer of 1); m and n are independently an integer of 1 or more; k is zero or 
an integer of 1 or more, provided that 0.1 ^ (m + k)/(m + n + k) ^ 0.9 and 0 ^ k/(m + n + k) ^ 0.25 . 

25 The weight-average molecular weight of the polymer having repeating units of the formula [1] is not particularly lim- 
ited so long as the polymer can be used as a resist material. Preferable range is a weight-average molecular weight 
(Mw) of about 1000 to about 30,000, more preferably about 2000 to about 25000. when measured by gel-permeation 
chromatography (GPC) using polystyrene as standard. The ratio (Mw/Mn, Mn=::number-average molecular weight), that 
is, the degree of dispersion, should be 1 or more and less than 1 .5. In order to make the dissolution rate into the devel- 

30 oper at the exposed area at the time of development more uniform, and as a result to make sidewalls of pattern more 
smooth, the degree of dispersion of 1 to 1 .3 is preferable, and the degree of dispersion of 1 to 1 .2 is more preferable. 

When two or more polymers having repeating units of the formula [1] with a small degree of dispersion are mixed 
as a polymer component in a resist material, the proportion of the polymer having the largest weight-average molecular 
weight is preferably 30 to 99% by weight, more preferably 30 to 80% by weight, in order to obtain better heat resistance, 

35 mask linearity and proximity effect. 

The resist material of the present invention comprises the polymer having repeating units of the formula [1] with the 
degree of dispersion of 1 or more and less than 1 .5. and a photoacid generator which generates an acid when exposed 
to actinic radiation. The resist material is generally used In a state of a varnish dissolving the polymer in a solvent. 
As the photoacid generator, there can be used any substances which can generate an acid upon exposure to 

40 actinic radiation and do not give bad influence for resist pattern formation. Preferable photoacid generators are those 
which can maintain high transparency of the resist material due to good light transmittance particularly near 248.4 nm, 
or those which can enhance light transmittance near 248.4 nm by exposure to light and can maintain high transparency 
of tiie resist material. Preferable photoacid generators are compounds of the formulae [16], [17], [18], [20]. [21] and [22] 
mentioned below: 

45 

O 

, II 

R^-S-C-Z-R' [16] 

II II 

50 O 

wherein R® and R^ are independentiy an alkyl group, a haloalkyi group, or an aralkyi group; Z is -CO- or -SOg-; 

55 
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Rio ^ S - C - Z - R^^ 

II B 

O 



[17] 



to wherein R^*^ is a phenyl group whidi may have one or more substituents; R^^ is an alkyl group, a haloalkyi group, an 
aralkyi group, or a phenyl group which may have one or more substituents; and Z is -CO- or -SO2-; 



>13 



15 



"^^^^~V O - S - R" 



[18] 



20 wherein R^^ is an alkyl group, a haloalkyi group or a phenyl group which may have one or more substituents: R^^ and 
R^"* are independently a hydrogen atom, a halogen atom, an alkyl group, a haloalkyi group or a group of the formula: 



2S 



O 

II 

o - s 

11 

o 



- R 



12 



[19] 



30 



35 



wherein R*"^ is as defined above; 




C - C - 



[20] 



»16 



wherein R""^ is a hydrogen atom, a halogen atom, an alkyl group or a haloalkyi group; R^® is an alkyl group; R^^ is an 
40 alkyl group, a phenyl group which may have one or more substituents. or an aralkyi group; 



519 



Ri» . S* • R^^SOj® 



[21] 



45 



,20 



wherein R""®. R^^ and R^ are independently an alkyl group, a phenyl group, an alkyl-substituted phenyl group, a 
50 haloalkyi group or an aralkyi group; and R^^ is a fluoroalkyi group, a phenyl group, a haloalkylphenyl group or a tolyl 
group; and 



24 



55 



R 
R« 



R" O 



23 



[22] 
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wherein R^^. R^^ and R^^ are independently a hydrogen atom, an alkylsulfonyloxy group, a haloalkylsulfonyloxy group, 
or a group of the formula: 



5 




10 

R^^ is an alky! group or a group of the formula: 



IS 




[23] 



20 

in which R^^ and R^^ are independently a hydrogen atom, a hydroxy! group, an alkylsulfonyloxy group, a haloalkylsul- 
IbnylQxy group, or a group of the formula [24], in which R^^. rSO and R^^ are independently a hydrogen atom, a halogen 
atom, an alkyi group or a haloalkyi group. 

In the formula [16], the alkyi moiety in the alkyI group and the haloalkyi group in the definition of R^ and R^ is a 
25 straight, branched or cyclic alkyi group preferably having 1 to 10 cartoon atoms, for example, a methyl group, an ethyl 
group, a n-propyl group, an isopropyl group, a cyclopropyl group, a n-butyl group, an isobutyl group, a tert-butyl group, 
a sec-butyl group, a niaentyl group, an isopentyl group, a tert-pentyl group, a 1 -methylpentyl group, a cyclopentyl group, 
a n-hexyl group, an isohexyl group, a cyclohexyl group, a heptyl group, an octyl group, a nonyl group, a decyl group, etc. 
As the halogen in the haloail^l group, there can be used chlorine, bromine, fluorine and iodine. Examples of the aralkyi 
30 group are a benzyl group, a phenethyl group, a phenylpropyl group, a methylbenzyl group, a methylphenethyl group, an 
ethylbenzyl group, etc. 

In the formula [17], the substituent for the phenyl group in the definition of R"'° and R^^ includes a halogen atom 
such as chlorine, bromine, fluorine and iodine; an alkyi group or a haloalkyi group is either straight, branched or cyclic, 
and the alkyi moiety preferably has 1 to 10 carbon atoms, for example, a methyl group, an ethyl group, a n-propyl group! 

35 an isopropyl group, a cyclopropyl group, a n-butyl group, an isobutyl group, a tert-butyl group, a sec-butyl group, a n- 
pentyl group, an isopentyl group; a tert-pentyl group, a 1 -methylpentyl group, a cyclopentyl group, a n-hexyl group, an 
isohexyl group, a cyclohexyl group, a heptyl group, an octyl group, a nonyl group, a decyl group, etc.; and an alkoxy 
group, either straight, branched or cyclic, preferably having 1 to 6 carbon atoms, for example, a methoxy group, an 
ethoxy group, a n-propoxy group, an isopropoxy group, a n-butoxy group, an isobutoxy group, a tert-butoxy group, a sec- 

40 butoxy group, a n-pentyloxy group, an isopentyloxy group, a n-hexyloxy group, an isohexyloxy group, etc. The alkyi moi- 
ety in the alkyi group and Ihe haloalKyI group In the def initionof R"" ^ includes straight, branched and cyclic alkyi groups 
preferably having 1 to 10 carbon atoms, for example, those mentioned above in the substituents for the phenyl group. 
The halogen in the haloalkyi group includes chlorine, bromine, fluorine and iodine. The aralkyi group in the definition of 
R^^ includes, for example, a benzyl group, a phenethyl group, a phenylpropyl group, a methylbenzyl group, a methyl- 

45 phenethyl group, an ethylbenzyl group, etc. 

In the formula [18], the all^l moiety In the alkyi group and the haloalkyi group in the definition of R''^ r13 r14 
includes straight, or branched alkyi groups preferably having 1 to 6 carbon atoms, for example, a methyl group, an ethyl 
group, a n-propyl group, an isopropyl group, a n-butyl group, an isobutyl group, a tert-butyl group, a sec-butyl group, a 
n-pentyl group, an isopentyl group, a tert-pentyl group, a 1 -methylpentyl group, a n-hexyl group, an isohexyl group, etc. 

so The halogen In the haloalkyi group includes chlorine, bromine, fluorine, and iodine. The substituent for the phenyl group 
in the definition of R^^ includes a halogen atom such as chlorine, bromine, fluorine and iodine; an alkyi group or a 
haloalkyi group, eitiier straight, branched or cyclic, and the alkyi moiety preferably has 1 to 10 carbon atoms, for exam- 
ple, a methyl group, an ethyl group, a n-propyl group, an isopropyl group, a cyclopropyl group, a n-butyl group, an iso- 
butyl group, a tert-butyl group, a sec-butyl group, a n-pentyl group, an isopentyl group, a tert-pentyl group, a 1- 

55 methylpentyl group, a cyclopentyl group, a n-hexyl group, an isohexyl group, a cyclohexyl group, a heptyl group, an octyl 
group, a nonyl group, a decyl group, etc. The halogen in the haloalkyi group includes chlorine, bromine, fluorine and 
iodine. (Concrete examples of the haloalkyi group are a trifluoromethyl group, a trifluoroethyl group, a trifluoropropyl 
group, etc. The halogen atom in the definition of R^^ and R^"* includes chlorine, bromine, fluorine and iodine. 

In the formula [20], the halogen atom in the definition of R^^ includes chlorine, bromine, fluorine and iodine; the 
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alkyi moiety in the alkyi group or the haloalkyi group in the definition of R^® is either straight, or branched and preferably 
having 1 to 6 cartx>n atoms, for example, a methyl group, an ethyl group, a n-propyl group, an isopropyl group, a n-butyl 
group, an isobutyl group, a tert-butyl group, a sec-butyl group, a n-pentyl group, an isopentyl group, a tert-pentyl group, 
a 1 -methyl pentyl grotp. a n-hexyl group, an Isohexyl group, etc; and the halogen atom in the haloalkyi group includes 

5 chlorine, bromine, fluorine and iodine. The alkyi group in the definition of R^*^ includes either straight or branched alkyi 
groups preferably having 1 to 3 carbon atoms, for example, a methyl group, an ethyl group, a n-propyl group, an isopro- 
pyl group, etc. The aikyi group in the definition of R"*^ includes either straight, branched or cyclic alkyi groups preferably 
having 1 to 6 cart>on atoms, for example, a methyl group, an ethyl group, a n-propyl group, an isoprqDyl group, a cydo- 
propyl group, a n-butyl group, an isobutyl group, a tert-butyl group, a sec-butyl group, a n-pentyl group, an isopentyl 

w group, a tert-pentyl group, a 1 -methylperrtyl group, a cyclopentyl group, a n-hexyl group, an isohexyl group, a cyclohexyl 
group, etc. The substituent for the phenyl group in the definition of R^^ includes a halogen atom such as chlorine, bro- 
mine, fluorine, and iodine; an alkyi group and haloalkyi group, wherein the alkyl moiety in these groups includes straight, 
branched and cydic alkyl groups preferably having 1 to 10 cartoon atoms, for example, a methyl group, an ethyl group, 
a n-propyl group, an isopropyl group, a cyclopropyl group, a n-butyl group, an Isobutyl group, a tert-butyl group, a see- 
rs butyl group, a n-pentyl group, an isopentyl group, a tert-pentyl group, a 1 -methylpentyl group, a cyclopentyl group, a n- 
hexyl group, an isohexyl group, a cyclohexyl group, a heptyl group, an octyl group, a nonyl group, a decyl group, etc. 
The halogen atom in the haloalkyi group includes chlorine, bromine, fluorine arrd iodine. Concrete examples of the 
haloalkyi group are a trifluoromethyl group, a trifluoroethyl group, a trifluoropropyl group, etc. The aralkyi group in the 
definition of R^^ indudes, for example, a benzyl group, a phenethyl group, a phenylpropyl group, a methylbenzyl group, 

20 a methylphenethyl group, an ethylbenzyl group, etc. 

In the formula [21], the alkyl moiety in the alkyl group and the haloalkyi group in the definition of R^®. R^^ and R^ 
includes straight, branched and cyclic alkyl groups preferably having 1 to 8 cartwn atoms, for example, a methyl group, 
an ethyl group, a n-propyl group, an isopropyl group, a cyclopropyl group, a n-butyl group, an isobutyl group, a tert-butyl 
group, a sec-butyl group, a n-pentyl group, an isopentyl group, a tert-pentyl group, a 1 -methylpentyl group, a cyclopentyl 

25 group, a n-hexyl group, an isohexyl group, a cydohexyl group, a heptyl group, an octyl group, etc. The halogen atom in 
the haloalkyi group includes chlorine, bromine, fluorine and iodine. Concrete preferable examples of the haloalkyi group 
are a trifluoromethyl group, a trifluoroethyl group, a trifluoropropyl group, etc. The alkyl group in the alkyl-substituted 
phenyl group in the definition of R^^, R^^ and R^° includes straight, branched and cyclic alkyl groups preferably having 
1 to 10 carbon atoms, for exanrple, those mentioned above (havng 1 to 8 cartjon atoms), and a nonyl group, a decyl 

30 group, etc. The aralkyi group in tiie definition of R^®, R"*^ and R^ indudes a benzyl group, a phenetiiyl group, a phenyl- 
propyl group, a methylbenzyl group, a methylphenethyl group, an ethylbenzyl group, etc. The alkyl moiety in tine per- 
fluoroalkyl group in the definition of R^^ includes straight, branched and cyclic alkyl groups preferably having 1 to 8 
carbon atoms, for example, those mentioned above. The numb©- of fluorine atom substituted is preferably i to 17. The 
alkyl moiety in tfie haloaikylphenyl group in tine definition of R^"* indudes straight, branched and cyclic alkyl groups pref- 

35 erably having 1 to 8 cart>on atoms, for example, those mentioned at)ove. The halogen in the haloaikylphenyl group 
includes chlorine, bromine, fluorine and iodine. 

In the formula [22], tiie alkyl group in the definition of R^^ includes straight and branched alkyl groups preferably 
having 1 to 3 carbon atoms, for example, a methyl group, an ethyl group, a n-propyl group, an isopropyl group, etc. Th 
alkyl moiety in the alkylsulfonyloxy group and the haloalkylsulfonyl group in the definition of R^^, R^^, R^^. R^^ and R^^ 

40 includes straight and branched alkyi groups preferably having 1 to 3 carbon atoms, for example, those as mentioned 
above. The halogen in the haloalkyi group includes chlorine, bromine, fluorine and iodine. Concrete preferable exam- 
ples of the haloalkyi group are a trifluoromethyl group, a trifluoroethyl group, a trifluoropropyl group, etc. The alkyl moi- 
ety in tiie alkyl group and tiie haloalkyi group in the definition of R^®. R^ and R^^ indudes straight and branched alkyl 
groups preferably having 1 to 6 carbon atoms, for exanrple. a methyl group, an ethyl group, a n-propyl group, an isopro- 

45 pyl group, a n-butyl group, an isobutyl group, a tert-butyl group, a sec-butyl group, a n-pentyl group, an isopentyl group, 
a tert-pentyl group, a n-hexyl group, an isohexyl group, etc. The halogen in tiie halogen atom and the haloalkyi group 
includes chlorine, bromine, fluorine and iodine. Preferable examples of the haloalkyi group are a trifluoromethyl group, 
a trif luoroetiiyl group, a trifluoropropyl group, etc. 

Preferable photoacid generators of the formula [16] are as follows: 

50 

1 -cyclohexylsulfonyt-1 -(1 ,1 -dimethylsulfonyl) diazometiiane, 
bis(1.1<limethyletiiylsulfonyl) diazomethane, 
bis(l-methylethylsulfonyl) diazomethane, 
bis(cyclohexylsutfonyl) diazomethane, 
55 dibenzylsulfbnyl diazomethane. 

bis(p-toluenesulfonyO diazomethane. 
1 -cyclohexylsulfonyl-1 -cyclohexyicartjonyl diazomethane. 
1 -diazo-1 -cyclohexylsulfonyl-3,3-dimethyllxjtan-2-one. 
1 -diazo-1 -methylsulfonyI-4-phenyibutan-2-one, 
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1 -diazo- 1 -(1 , 1 -dimethylethylsulfbnyl)-3,3-dimethyl-2-butanone, 

1 - acetyl- 1-(1-methylethylsulfonyl) diazomethane, etc. 

Preferable photoacid generators of the formula [1 7] are as follows: 

5 

methylsulfonyl-p-toluenesulfonyl diazomethane. 

bls(p-chlorobenzenesuffonyl) diazomethane. 

bis(p-toluenesulfonyl) diazomethane. 

bis(p-trif luoromethyfbenzenesuHbnyl) diazomethane, 
10 dibenzenesulfonyl diazomethane, 

bis(2,4-dimelhylbenzenesulfonyl) diazomethane. 

bis(p-tert-butylbenzenesulfonyl) diazomethane, 

cyclohexylsulfonyl-p-toluenesulfonyl diazomethane, 

1 <iiazo- 1 -(p-toluenesulfonyl)-3.3-dimethylbutan-2-one, 
IS 1 -p-toluenesulfonyl-1 -cydohexylcarbonyl diazomethane, 

1 -diazo-1 -benzenesulfonyl-3,3-dimethylbutan-2-one. 

1 -diazo-1 -(p-toluenesulfonyl)-3-methylbutan-2-one, etc. 

Preferable photoacid generators of the formula [18] are as follows: 

20 

1.2.3-tris(trifluoromethanesulfonyloxy)benzene. 
1 ,2, 3-tris(methanesulfonyloxy)benzene, 
1,2.3-tris(p-toluenesulfonyloxy)benzene. 

1 .2.3- tris(trif luoromethylbenzenesulfonyloxy)benzene. 
25 p-trrfluoromethanesulfonyloxytoluene. 

1.2.4- tris(trifluoromethanesulfonyloxy)benzene 

1.2.3- tris(benzenesulfonyloxy)benzene. 

1.2.4- tris(p-toluenesulfonylQxy)benzene. 

1.2.3- tris(p-chlorobenzenesulfonyloxy)benzene, 
30 1 ,2,3-tris(perf luoroetfianesulfonyloxy)benzene, 

p-(p-trifluoromethylbenzenesulfonyloxy)toluene. etc. 

Preferable photoacid generators of the formula [20] are as follows: 

35 2-(p-toluenesulfonyl)-2-benzoylpropane, 

2- benzenesulfonyl-2-benzoylpropane, 
2-(p-toluenesulfonyl)-2,4-dimethylpentan-3-one, 
2-(p-toluenesuIfonyi)-2,4,4-trimethylpentan-3-one, 
2-(p-toluenesulfonyl)-2-(p-methylphenylcarbonyl)propane, 

40 4-(p-toluenesulfonyl)-2.4-dimethylhexan-3-one. etc. 

Preferable photoacid generators of the formula [21] are as follows: 

triphenylsulfonium trif luoromethanesuHbnate, 
45 triphenylsulfonium perf luorooctanesulfonate. 

diphenyl-p-tolylsulfonium perfluorooctanesulfonate. 

tris(p-tolyl)5ulfonium perfluorooctanesulfonate, 

tris{p-chlorobenzene)sulfonium trifluoromethanesulfonate. 

tris(p-tolyl)sulfonium trifluoromethanesulfonate. 
so trimethylsulfonium trifluoromethanesulfonate. 

dimethyiphenylsulfonium trifluoromethanesulfonate. 

dimethyltolylsuHbnium trifluorometthanesuHonate, 

dimethyltolylsulfonlum perfluorooctanesulfonate, etc. 

65 Preferable photoacid generators of the formula [22] are as follows: 

2.3.4- tris(p-fluorobenzenesulfonyloxy) acetophenone. 
2,3.4-tris(p-trifluoromethylbenzensulfonyloxy) acetophenone, 
2,3,4-tris(2,5-dichlorobenzenesulfonylQxy) acetophenone. 
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2,3,4-(p-to!uenesuIfonyloxy) acetophenone. 
2.3,4-tris(trrfluoromethanesulfonyl) acetophenone, 
2.3.4-(p-trifluoromethyIben2enesuHonyloxy) propiophenone. 

2.3.4- (2,5<Iichlorobenzenesulfony1oxy) propicphenone. 

5 2.4,6-tris(p-trif!uoromethyIben2enesulfonyloxy) acetophenone, 

2.4.6-tris(2,5-<jichlorobenzenesulfonylQxy) acetophenone. 

2.4.5- tris(2,5-dichlorobenzenesutfonylaxy) acetophenone, 
2.2'.4,4'-tetra(p-trifluoromethylbenzenesutfonytaxy) benzophenone. 
2.2\4.4*-tetra(2.5-dichlorobenzenesulfonyloxy) benzophenone, 

10 2,2\4,4*-tetra(p-fluorobenzenesuHbnytoxy) benzophenone, 
2,2\4,4*-tetra(tgrifluoromethanesulfonyloxy) benzophenone, 
2.4,4'-tris(p-toluenesu»fonyloxy) benzophenone, 
2,4.4'-tris(trifluoromethanesulfonyloxy) benzophenone, etc. 

IS The resist material of the present invention comprises the polymer having repeating units of the formula [1] and one 
or more photoacid generators of the formulae [1 6], [1 7], [1 8], [20], [21] and [22]. The photoactd generator of the formula 
[16] is effective for maintaining high transparency of the resist material due to good light transmittance near 248.4 nm, 
for giving less PEB temperature dependency and for generating a week add such as cartxjnic acid upon exposure to 
actinic radiation. On the other hand, the photoacid generators of the formulae [1 7], [18], [20], [21] and [22] are eff^:tive 

20 for giving high acid generation efficiency upon exposure to a constant amount of actinic radiation or generating a strong 
acid such as sulfonic acid. Therefore, a combination of one or more photoacid generators of the formula [16] and one 
or more photoacid generators of the formulae [17], [18], [20], [21] and [22] is preferable in order to remove scums. 

In order to improve the residue of scums and the shape of bottom portions of pattern without causing a protrfem of 
delay time and to maintain stable pattern shape and dimension, it is preferable to use one or more photoadd generators 

25 of the formulae [17], [18], [20], [21] and [22] in an amount of preferably 1 to 70 parts by weight, more preferably 10 to 
50 parts by weight per 100 parts by weight of the photoacid generator of the formula [16]. 

The photoactd generator of the formula [21] is particularly effective to remove scums when used alone, but also 
brings about a problem of poor pattern shape and dimensional change due to an influence of delay time. In such a case, 
such a problem can be solved by using a overcoat film together. 

30 As photoacid generators other than those mentioned above, there have been used vaious triphenylphosphonium 
salts, diphenyliodonium salts (as anions for these onium salts, there are PFg-, AsFe", BF4', etc.) and tris(trichloromethyI- 
s-triazine/triethanolamine. But when these photoacid generators are used alone in chemically amplified type resist 
mateials. a strong acid (e.g. a Lewis acid) is generated upon exposure to light and evaporated from a surface layer of 
resist film after exposure to light due to volatility of the strong add, and is remarkably influenced by an atmosphere of 

35 amine or the like, or is easily transfen-ed. Thus, even if an overcoat film is used together the transfer of acid in the resist 
film cannot be controlled. As a result, with the lapse of time from the exposme to light to the development, the so-called 
T-shape or overhang profiles are generated during the pattern formation, or the pattern formation dimension is greatly 
changed, or sometimes pattem is not formed at all. Further, there is also a problem in storage stability, e.g. changes in 
sensitivity during storage, and impossibility of forming a pattern. Therefore, the above-mentioned known photoadd gen- 

40 erators cannot be used in the present invention. 

As the solvent for the resist material of the present invention, there can be used any solvents which can dissolve 
the polymer having repeating units of the formula [1], the photoacid generator, and one or more additives such as phe- 
nolic compounds, ultraviolet absorbents, surfactants, etc.. added depending on purposes. Generally, solvents having 
good film forming properties and having no absorption near 220 to 400 nm are preferably used. Examples of such sol- 

45 vents are methyl Cellosolve acetate, ethyl Cellosolve acetate, propylene glycol monomethyl ether acetate, propylene 
glycol monoethyl ether acetate, methyl lactate, ethyl lactate, 2-ethoxyethyl acetate, methyl pyrurate, ethyl pyrurate, 
methyl 3-methQxypropionate, ethyl 3-methoxypropionate, N-methyl-2-pyrrolidone, cydohexanone, methyl ethyl ketone. 
2-heptanone, 1 ,4<lioxane, diethylene glycol monomethyl ether, diethylene glycol dimethyl ether, ethylene glycol monoi- 
sopropyl ether. N.N-dimethylfbrmamide, N.N-dimethylformamidedibutylacetate. N,N-dimethylacetamide, N,N-dimethy- 

50 lacetamidemethylacetal. N,N-dimethylpropionamide. etc. 

The mixing ratio of the polymer and the photoacid generator in the resist material of the present invention is pref- 
erably 1 to 30 parts by weight, more preferably 1 to 20 parts by weight of the photoadd generator per 100 parts by 
weight of the polymer. The amount of the solvent in the resist material of the present invention is preferably 1 to 20 parts 
by weight, more preferably 1 .5 to 10 parts by weight per part by weight of the polymer. 

55 The resist material of the present invention comprises the above-mentioned three conponents Q,e. the polymer of 
the present invention, one or more photoacid generators, and a solvent) and. if necessary may further contain one or 
more conventional additives such as phenolic compounds, ultraviolet absorbents, sensitivity adjusting agents, plastidz- 
ers. photosensrtizers, organic adds, surfactants, etc. 

As the phenolic compounds, there can be used those which can control the developing rate at exposed areas and 
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make the sidewall shape desirable, and have the weight-average molecular weight of about 300 to about 1 0,000. Exam- 
ples of the phenolic compound are phenol resins such as p-cresoi/formaldehyde resin (polycondensate). m-cresol/fbr- 
maldehyde resin, p-cresol/m-cresol/formaldehyde resin, p-cresol/acetaldehyde resin, m-cresol/acetaldehyde resin, p- 
cresol/m-creasol/acetaldehyde resin, phenol/formaldehyde resin, etc.; polycondensates of a phenol and a dimethylol 

5 compound such as phenoI/1 .4-dihydroxymethylben2ene polycondensate, p-cresol/1 ,4<lihydroxymethylbenzene poly- 
condensate, m-cresol/1,4-dihydroxymethylbenzene polycondensate, p-cresoI/m-cresol/1,4-dihydroxymethylben2ene 
polycondensate, etc.; 2-methyl-2,3.3-tri(p-hydroxyphenyl)propane, 2,2',6.6'-tetrakis(2-hydroxy-5-methylben2yl) bisphe- 
nol, 2,2\6,6-tetrakis(2-hydroxy-3.5-dimethylben2yl) bisphenol, etc. These phenolic compounds can be used singly or 
as a mixture thereof in the resist material of the present invention in an amount of preferably 1 to 25 parts by weight, 

10 more preferably 5 to 1 5 parts by weight per 1 00 parts by weight of the polymer. 

As the ultraviolet absorbent, there can be used 9-diazofluorene and derivatives thereof, 1 -dia2o-2-tetralone. 2- 
dia2o-1-telrarone. 9-diazo-10-phenanthrone, 9-(2-methoxyethoxy)methylanthracene. 9-(2-ethoxyethaxy)methy!anthra- 
cene. 9-(4-methoxybutoxy)methylanthracene, 9-anthracenemetf^l acetate, f loresceine. fluorescin. etc.. singly or as a 
mixture thereof. 

75 The ultraviolet absorbent can be used in the resist material of the present Invention in an amount of preferably 0.1 
to 10 parts by weight, more preferably 0.5 to 5 parts by weight, per 100 parts by weight of the polymer. 

As the sensitivity adjusting agent, there can be used polyvinylpyridine, poly(vinylpyridine/methyl methacrylate). 
pyridine, piperidine. tri-n-butylamine. trioctylamine, tribenzylamine, dicyclohexylamine, dicyclohexylmethylamine. 
tetramethylammonium hydroxide, tetraethyfammonium hydroxide, tetra-n-propylammonium hydroxide, tetra-n-butylam- 
20 monium hydroxide, choline, triethanolamlne, tripyridine. bipyridine. 3-aminopyridine. triethylamine. N-methyl-2-pyn'o- 
lieone. etc., singly or as a mixture thereof. 

The sensitivity adjusting agent can be used in the resist material of the present invention in an amount of preferably 
0.1 to 10 parts by weight, more preferably 0.5 to 5 parts by weight by weight, per 100 parts by weight of the polymer. 
As the plasticteer, there can be used diethyl phthalate. dibutyl phthalate, dipropyl phthalate, etc., singly or as a mix- 
25 ture thereof. 

The plasticizer can be used in the resist material of the present invention In an amount of preferably 0.1 to 10 parts 
by weight, more preferably 0.5 to 5 parts by weight, per 100 parts by weight of the polymer. 

As the photosensitlzer, there can be used 2-mercaptobenzothiazole, 2-mercaptobenzoxa2oIe, benzophenone, 
2,2'4.4-tetrahydroxybenzophenone. 2,2\4-trihydroxybenzophenone. 4,4*-dihydroxyben2ophenone, 2,3.4-trihydroxy- 
30 benzophenone. pyrene derivatives, pyrene derivatives, benzotriazole, etc., singly or as a mixture thereof. 

The photosenstizer can be used in the resist material of the present invention in an amount of preferatHy 0.1 to 10 
parts by weight, more preferably 0.5 to 5 parts by weight, per 1 00 parts by weight of the polymer. 

As the organic acid, there can be used benzoic acid, o-acetylbenzoic acid, salicylic acid, p-hydroxybenzoic acid, o- 
cyanobenzoic acid, phthalic acid, salicylhydroxamic acid, etc., singly or as a mixture thereof. 
35 The organic acid can be used in the resist nnaterial of the present invention in an amount of preferably 0.1 to 10 
parts by weight, more preferably 0.5 to 5 parts by weight, per 100 parts by weight of ttie polymer. 

As the surfactant, there can be used nonionic surfactants such as polyethylene glycol distearate. polyoxyethyiene 
stearyl etiier, polyoxyethyiene lauryl ether, polyoxyethyiene cetyl ether, etc.; fluorine-containing nonionic surfactants 
such as Fluorad (a trade name, available from Sumitomo 3M, Ltd.), SURFLON (a trade name, available from Asahi 
40 Glass Co., Ltd.), UNIDYNE (a trade name, available from Daikn Industries. Ltd.), MEGAFAC (a trade name, available 
from Dainippon Ink & Chemicals, Incorp.), EFTOP (a trade name, available from Tohken Products Corp.), etc.; fluorine- 
containing cationic surfactants, fluorine-containing anionic surfactants, and if necessary, one or more polyethylene gly- 
col, polypropylene glycol, etc., singly or as a mixture thereof. 

The surfactant can be used In the resist material off the present invention in an amount of preferably 0.1 to 10 parts 
45 by weight, more preferably 0.5 to 5 parts by weight, per 100 parts by weight of the polymer. 

Pattern formation using the resist material of the present Invention can be carried out as follows. 

The resist material of the present Invention is coated on a semiconductor substrate such as a silicon wafer so as to 
make the film thickness about 0.5 to 2.0 imm (when used as an upper layer in three layers, about 0.1 - 0.5 jim in thick- 
ness), and prebaked In an oven at 70** to 1 30**C for 1 0 to 30 minutes, or on a hot plate at 70** to 1 30**C for 1 to 2 minutes 
so to form a resist film. Then, a mask for forming the desired pattern is placed on tiie resist film and exposed to deep ultra- 
violet light of, e.g. 300 nm or less at exposure dose of about 1 to 100 mJ/cm^, followed by baking on a hot plate at 70* 
to 150*»C for 1 to 2 minutes. Then, the development is carried out using, e.g. 0.1 to 5% tetrametiiylammonium hydroxide 
(TMAH) aqueous solution for about 0.5 to 3 minutes by a dip method, a puddle method, a spray method, or the like con- 
ventional metiiod, to form tiie desired pattern on tiie substrate. 
55 As ttie developer used in various patt rn forming methods, tiiere can be used an aqueous alkali solution having a 
suitable concentation usually 0.01 to 20% s as to make the difference in solubility between exposed areas and non- 
exposed areas large depending on solubility of the resist material. As tiie aqueous alkali solution, there can be use an 
aquous solution containing an organic amine such as TMAH. choline, triethanol amine, or the like, or an inorganic alkali 
such as NaOH. KOH. etc. 
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Since the polymer of the present invention used in the resist material has a small degree of dispersion, and con- 
tains the nrronomer unit of the formula [3] containing the functional group of the formula [2], it can release the functional 
group more easily in the presence of an add to be converted to alkali-soluble corrpared with the conventional polymers 
used for the same purpose (polymers having as monomer unit e.g. tert-butoxycart)onyloxystyrene. tetrahydropyranylox- 

5 ystyrene, tert-butoxystyrene. tert-butoxycartx)nylmethoxystyrene, etc.). so that it Is possible to obtain high resolution 
and to maintain a stable pattern dimension during a period from the exposure to light to heat treatment (baking). Fur- 
ther, the polymer of the present invention contains the hydroxystyrene unit of the formula [4]. so that the polymer is 
excellent in heat resistance, resistance to dry etching and adhesiveness to ttie sut^rate. In addition, the polymer of the 
present invention can contain the monomer unit of the formula [5], so that there can be obtained enlargement of focus 

10 margin, improvement of mask linearity and inhibition of influence of proximity effect due to control of developing rate at 
exposed areas. 

A polymer having repeating units of the formula [1] is known and can be obtained by radical polymerization, but it 
has a large degree of dispersion. When such a known polymer is used in a resist material, the resolution and mainte- 
nance of pattern size are as good as the present invention, but with a finer rule of the pattern dimension, there arises a 

15 problem in the shape of pattern sidewalls due to a larger difference in d»/eloping rate between molecules at the time of 
development. In contrast, when the polymer of the preserrt invention having a smaller degree of dispersion is used in 
the resist material, the shape of pattern sidewalls is bettered due to control of difference in developing rate between 
molecules, although the properties such as the maintenance of pattern size are equal to those of frie known polymers. 
In addition, heat resistance is also improved compared with the case of using known polymers. 

20 When one or more polymers having repeating units of the formula [1] and a small degree of dispersion are mixed 
with a photoacid generator, various problenns of the prior art in the resist pattern formation using deep ultraviolet light 
such as KrF exdmer laser beams can be solved. Further, there can provide a resist material having various good prop- 
erties and suitable for deep ultravidet light and KrF excimer laser k>eams. 

When the polymer having repeating units of the formula [1] and a small degree of dispersion is mixed with two or 

25 more special photoacid generators as mentioned above, the resulting resist material is effective for removing undesir- 
able shape at bottom portions of the pattern and scums. The combination of a photoadd generator of the formula [1 6] 
and a photoacid generator of the formula [1 7], [1 8], [20], [21] or [22] is more preferable for giving better results. 

The resist material of the present invention can be used for not only deep ultraviolet light and KrF exdmer laser 
beams, but also i-line light, electron beams, soft X-rays, and the like actinic radiation, for generating an acid arxJ exhib- 

30 iting chemical amplifying function. 

Reaction mechanisms are explained below, when the resist material of the present invention is used. In the portion 
exposed to actinic radiation such as KrF excimer laser beams, deep ultraviolet light, etc., an add is generated by photo 
reaction as shown In Equation 1 , 2 or 3: 
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[Equation 3] 
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20 By heat treatment subsequent to the light exposure step, the special functional group (the 1 -ethoxyethoxy group in 
Equation 4) of the polymer of the present irrvention becomes a hydroxyl group by a chemical change caused by the acid 
to make the polymer alkali-soluble at the time of development, resulting in dissolving in the developer. 

[Equation 4] 



-( CH - CH^ - ( CH - CH, 



30 



35 




O - CH - CH3 OH 



OCH2 - CH3 

+ nCHgCHO + nCjHsOH + 



On the other hand, since no acid is generated in non-exposed portion, no chemical change takes place even if sub- 
45 jected to heat treatment. Rather, the photoacid generator protects the hydrophilic moiety of the polymer used for 
stengthening adhesiveness to the substrate from the wetting of the alkali developer. As mentioned above, when a pat- 
tern is formed by using the resist material of the present invention, since there arises a large difference in solubility 
between the exposed portion and the non-exposed portion against the alkali developer, there can be obtained a posi- 
tive-work pattern having good contrast due to strong adhesiveness to the substrate of the polymer in the non-exposed 
so portion without causing peeling of the film at the time of development. Further, since the acid generated upon exposure 
to actinic radiation functions catalytically as shown in Equation 4, the amount of exposed light is sufficient only to gen- 
erate the acid, resulting in reducing the light exposure energy amount. 

The present invention is explained further in detail referring to Exarrples, in which all parts and percents are by 
weighty unless otherwise specified. 
ss A part of polymer, photoacid generators, and ultraviolet absorbents used in the following Examples are synthesized 
by. e.g. JP-A-4-210960 (= U.S.P. 5,216.135). JP-A-4-21 1258 (= U.S.P. 5.350.660 and EP 0.440,374), JP-A-5-249682 (= 
E.R 0.520,642), JP-A-4-251259, Y Endo et at: Chem. Pharm. Bull., 29(12), 3753 (1981), M. Desbois et al.: Bull. Chim. 
Soc, France, 1974. 1956 (1974). or CD. Beard et at.: J. Org. Chem, 32, 3673 (1973), these references being incorpo- 
rated by reference. 
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Production Example 1 

Synthesis of poly(p-1-ethoxyethaxystyrene/|3-hydroxystyrene) 

5 (1) Poly(p-tert-bLitoxystyrene) [mfd. by Nippon Soda Co.. Ltd.; Mw at)out 21.000; Molecular weight distribution 

(degree of dispersion) 1.16] in an amount of 15.9 g was suspended in Isopropanol and added with 30 ml of con- 
centrated hydrochloric add. followed by reflux with stirring for 4 hours. After cooling, the reaction solution was 
poured into 3000 mi of water for crystallization. The deposited crystals were filtered, washed with water and dried 
under reduced pressure to give 10.5 g of white powdered crystals of poly(p-hydroxystyrene). 

10 (2) The poly(p-hydroxystyrene) obtained in atjove (1) in an amount of 8 g and 2.4 g of ethyl vinyl ether were dis- 
solved in 80 ml of ethyl acetate. After adding a catalytic amount of p-toluenesulfonate pyridinium salt, the reaction 
was carried out at room temperature with stirring for 2 hours. After the reaction, the reaction solution was concen- 
trated under reduced pressure at nxim temperature, and the residue was dissolved in 30 ml of acetone. The result- 
ing solution was poured into 2000 ml of water to deposit crystals. The deposited crystals were filtered, washed with 

15 water and dried under reduced pressure to give 9.2 g of white powdered crystals of poly(p-1-ethoxyethoxysty- 
rene/p-hydroxystyrene). The proportion of the p-1-ethoxyethoxystyrene unit and the p-hydroxystyrene unit of the 
obtained polymer was about 35:65 measured by NMR. The result of GPC measurement using polystyrene as 
standard was shown In Fig. 1 , which shows Mw of about 18.000 and the degree of dispersion of 1 .16. 

20 Production Example 2 

Synthesis of poly(P-1-methoxyethoxystyrene/p-hydroxystyrene) 

Poly(p-hydroxystyrene) in an amount of 8 g obtained in the same manner as described in Production Example 1(1) 
25 and 2.2 g of methyl vinyl ether were reacted and after-treated in the same manner as described in Production Example 
1(2) to give 8.6 g of white powdered crystals of poly(p-1-methoxyethoxystyrene/k5-hydroxystyrene). The proportion of 
the p-1 -methoxyethoxystyrene unit and the p-hydroxystyrene unit of the obtained polymer was about 4:6 measured by 
■•h NMR. Mw was about 17.000 and the degree of dispersion was 1.16 (GPC method, polystyrene standard). 

30 Production Example 3 

Synthesis of poly(p- 1 -ethoxyethoxystyrene/p-hydroxystyreneyp-isobutoxycarbonyloxystyrene) 

(1) PoIy(p-hydroxystyrene) [mfd. by Nippon Soda Co., Ltd., Mw about 8200, the degree of dispersion 1.05] in an 
35 amount of 18.0 g was dissolved in 70 ml of ethyl acetate. Then. 3.5 g of isobutyl dicarbonate synthesized from iso- 

butyl chlorocarlx)nate and 3.0 g of triethylamine were added and the reaction was can-ied out at room temperature 
for 4 hours. After the reaction, the ethyl acetate was removed by distillation under reduced pressure and the residue 
was dissolved in 70 ml of acetone. After pouring 1 000 ml of water, crystals were deposited. The deposited crystals 
were filtered, washed with water and dried under reduced pressure to give 13.5 g of white powdered crytals of 
40 poly(p-hydroxystyrene/p-isobutoxycarbonyloxystyrene). The proportion of the p-hydroxystyrene unit and the p- 
isobutoxycarbonylcartKjnyloxystyrene unit was about 92:8 by the NMR measurement. 

(2) The poly(p-hydrQxystyrene/j3-isobutoxycarbonyloxstyrene) obtained in above (1) in an amount of 1 1 .4 g and 2.5 
g of ethyl vinyl ether were reacted and after-treated in the same manner as described in Production Example 1 (2) 
to give 8.5 g of white powdered crystals of poly(p-1 -ethoxyethoxystyrene/p-hydroxystyrene/iD-isobutoxycarbonylox- 

45 ystyrene). TTie proportion of the p-1 -ethoxyethoxystyrene unit, the p-hydroxystyrene unit and the p-isobutoxycarb- 
onyloxyslyrene unit was about 28:64:8 by the ""H NMR measurement. Mw was about 10.200 and the degree of 
dispersion was 1,05 (GPC method, polystyrene standard). 

Production Example 4 

50 

Synthesis of poly(p-1-ethoxyethQxystyrene/iD-hydroxystyreneyp-tert-butoxystyrene) 

(1) Poly(p-tert-butQxystyrene) obtained in the same manner as described in Production Exanrple 1(1) in an amount 
of 15.0 g was si^pended in isopropanol and added with 15 ml of concentrated hydrochloric acid. The reaction was 
55 earned out at 70** to SO^C for 4 hours with stinging. After cooling, the reaction solution was poured into 1000 ml of 
water to deposit crystals. The deposited crystals were filtered, washed with water and dried under reduced pres- 
sure to give 9.4 g of white powdered crystals of poly(p-hydroxystyrene/iD-tert-butoxystyrene). The proportion of the 
p-hydroxystyrene unit and the p-tert-butoxystyrene unit of the obtained polymer was about 30:64:6 measured by 
■•h NMR. Mw was at>out 17.500 and the degree of dispersion was 1.16 (GPC method, pol^tyrene standard). 
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Production Example 5 

Synthesis of poly(p-1-ethoxyethoxystyrGne/p-hydroxystyrene) 

5 Poly(p-hydroxystyrene) [mfd. by Nippon Soda Ck5., Ltd.. Mw about 8,200. the degree of dispersion 1.05J in an 

amount of 8.0 g and 2.4 g of ethyl vinyl ether were reacted and after-treated in the same manner as described in Pro- 
duction Example 1 (2) to give 9.2 g of white powdered crystals of poly(p-1 -ethoxyethcxystyrene/ij-hydroxystyrene). The 
proportion of the p-1 -ethoxyethoxystyrene unit and the p-hydroxystyrene unit of the obtained polymer was about 38:62 
by the NMR measurement. Mw was about 10.200 and the degree of dispersion was 1 .05 (GPC method, polystyrene 

10 standard). 

Production Example 6 

Synthesis poly(p-1 -methoxy-1 -methylethoxystyrene/p-hydroxystyrene) 

IS 

Poly{p-hydrGxystyrene} obtained in the same manner as described in Production Example 5(1) in an amount of 8.0 
g and 2.4 g of 2-methoxy-1 ijropene were dissolved in 80 ml of tetrahydrofuran and added with a catalytic amount of 
phosphorus oxychloride. The reaction was can-ied out at room temperature with stirring for 16 hours. After the reaction, 
the reaction solution was poured into 4000 ml of water to deposit crystals. The deposited crystals were filtered, washed 
20 with water, and dried under reduced pressure to give 6.8 g of white powdered crystals of poly(p-1 -methoxy-1 -methyl- 
ethoxystyrene/p-hydroxystyrene). The proportion of the p-1 -methoxy- 1 -methylethoxystyrene unit and the p-hydroxysty- 
rene unit of the obtained polymer was about 40:60 by the measurement of "'H NMR. Mw was about 10,200 and the 
degree of dispersion was 1.05 (GPC method, polystyrene standaid). 

25 Production Example 7 

Synthesis of poly(p-1-ethoxyethoxystyreneyjD-hydroxystyrene) 

(1) p-tert-Butoxystyrene in an amount of 17.6 g was dissolved In 30 ml of isopropanol and added with a catalytic 
30 anrount of 2.2'-azobis(2,4-dimethylvaleronitrile). The reaction was candied out in a nitrogen stream at 55* to 60**C 

for 6 hours with stin-ing. After cooling, the reaction solution was poured into 300 ml of methanol. After allowing to 
stand at room temperature overnight, a supernatant was removed by decarrtation. The residual viscous oily mate- 
rial was dissolved in 20 ml of acetone, followed by pouring Into 200 ml of methanol. A supernatant was removed by 
decantation. The same procedures were repeated again to deposit crystals. The deposited crystals were filtered 
35 and dried under reduced pressure to give 14.1 g of white powdered crystals of poly(prtert-butoxystyrene). Mw was 
about 21 .000 and the degree of dispersion was 1 .30. 

(2) The poly(p-tert-butoxystyrene) obtained in above (1) in an amount of 12.5 g was subjected to the reaction and 
after-treatment in the same manner as described in Production Example 1(1) to give 7.5 g of white powdered crys- 
tals of poly(p-hydroxystyrene). Mw was about 14,300 and the degree of dispersion was 1 .27. 

40 (3) The poly (p-hydroxystyrene) obtained in above (2) in an amount of 7.0 g and 2.1 g of ethyl vinyl ether were 
reacted and after-treated in the same manner as described in Production Example 1(2) to give 8.0 g of white pow- 
dered crystals of poly(p-1-ethoxyethoxystyreney^-hydroxystyrene). The proportion of the p-1 -ethoxyethoxystyrene 
unit and the p-hydroxystyrene unit of the obtained polymer was about 37:63 by the measurement of NMR. Mw 
was about 1 7.500, and the degree of dispersion was 1 .26 (GPC method, polystyrene standard). 

45 

Production Example 8 

Synthesis of poly(p-1 -ethoxyethoxystyrene/iD-hydroxystyrene/p-tert-butoxystyrene) 

50 (1) p-Acetoxystyrene in an amount of 130.0 g (0.80 mole) and 24.9 g (0.14 mole) were dissolved in 220 ml of tdu- 
ene and added with a catalytic amount of 2.2*-azobis(2.4-dimethylvaleronitrile). The reaction was carried out in a 
nitrogen stream at 60° to 65**C for 5 hours with stin-ing. After cooling, the reaction solution was poured Into 2300 ml 
of methanol and allowed to stand at room temperature overnight. A supernatant was removed by decantation. 
Then, the residual viscous oily material was dissolved in 100 ml of acetone and poured into 800 ml fb methanol. 

55 Then, a supernatant was removed by decantation. The above-mentioned procedures were repeated again. The 
deposited crystals were filtenred and dried under reduced pressure to give 105.0 g of white powdered crystals of 
poly(p-acetoxystyrene/kD-tert-butoxystyrene). The proportion of the p-acetoxystyrene unit and the p-tert-butoxysty- 
rene unit of the obtained polymer was about 85:1 5 by the measurement of ^ H NMR. Mw was about 1 7.500 and the 
degree of dispersion was 1 .42 (GPC method, polystyrene standaid). 
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(2) The poly(p-acetQxystyrene/p-tert-butoxystyrene) obtained in above (1) in an amount of 58.0 g was added to 460 
ml of methanol and added with 234 g of aqueous solution of 15% tetramethyiammonium hydroxide. The reaction 
was carried out by ref luxing with stirring for 4 hours. After reaction, the reaction soltlon was cooled to room temper- 
ature and allowed to stand at room temperature overnight. Then. 12.9 g of glacial acetic acid was dropped into the 

5 reaction solution, neutralized and concentrated under reduced pressure. The concentrated residue was poured into 

4000 ml of water to deposit crystals. The deposited crystals were filtered and dissolved In 60 nrtl of acetone, fol- 
lowed by pouring into 2000 ml of water to deposit crystals. The deposited crystals were filtered and dried under 
reduced pressure to give 38.6 g of white powdered crystals of poly(p-hydroxystyrene/p-tert-buta)cystyrene). The 
proportion of the p-hydroxystyrene unit and the p-tert-butoxystyrene unit of the obtained polymer was about 85:15 

10 by the measurement of ""H NMR. Mw was about 13.500 and the degree of dispersion was 1 .40 (GPC method, pol- 
ystyrene standard). 

(3) the poly(p-hydroxystyrene/j3-tert-butoxystyrene) obtained in above (2) In an amount of 8 g and 1.1 g of ethyl 
vinyl ether were reacted and after-treated in the same manner as described in Production Example 4(2) to give 8.8 
g of white powdered crystals of poly(p-1-ethoxyethoxystyrene/iD-hydroxystyrene/p-tert-butoxystyrene). The propor- 

15 Won of the p-1 -ethoxyethoxystyrene unit, the p-hydroxystyrene unit and the p-tert-butoxystyrene unit in the obtained 
polymer was about 20:65:15 by the measrement of NMR. Mw was about 14.200 and the degree of dispersion 
was 1 .39 (GPC method, polystyrene standard). 

Production Example 9 (Comparison) 

20 

Synthesis of p-cresol/m-cresol/formaldehyde resin (Mw = 4000) 

To a mixed solution of 30 g (0.28 mole) of p-cresol. 30 g (0.28 mole) of m-cresol, 1 .0 g of oxalic add dihydrate and 
2 ml of water, 27.0 g of aqueous solution of 37% formaldehyde was dropped at 100**C with stinring, followed by reaction 
25 at 100° ± 5°C for 4 hours with stirring. After reaction, 1000 ml of water was poured into the reaction solution for deposi- 
tion. A supernatant was removed by decantation. The deposited material was dissolved in 60 ml of acetone, followed 
by pouring of 600 ml of water for deposition. After removing a supernatant by decandation, the deposited material was 
concentrated under reduced pressure to dryness to give 40.5 g of pale vyrtiite waxy crystals of p-cresol/m-cresol/formal- 
dehyde resin. Mw was akxjut 4000 and the degree of dispersion was 3.53 (GPC method, polystyrene standard). 

30 

Production Exanrple 10 (Comparison) 

Synthesis of p-cresol/1 ,4-dihydroxymethybenzene resin 

35 p-Cresol in an amount of 38.4 g (0.36 mole) and 35.0 g (0.25 mole) of xylene-cca-diol were dissolved with heating, 
followed by addition of 0. 1 5 g of methanesutfonic acid at 90** to 1 00°C. The reaction was carried out at 90** to 1 00**C for 
2 hours with stirring. After cooling. 1 00 ml of acetone was poured into the reaction solution. After dissolving, the reaction 
solution was poured into 2000 ml of water and stirred. After allowed to stand, a supernatant was removed by decanta- 
tion. The residue was dissolved in 100 ml of acetone, followed by pouring into 2000 ml of water and stirring. After 

40 allowed to stand, a supernatant was removed by decantation. The residue was dried under reduced pressure to give 
65.0 g of pale yellowish powdered crystals of p-cresol/1,4-dihydroxymethylbenzene polycondensate. Mw was about 
6.700 and the degree of dispersion was 3.50 (GPC method, polystyrene standard). 

Production Example 11 

45 

Synthesis of poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/lert-butyl methacrylate) 

(1) p-tert-Butoxystyrene purified in a nitrogen stream in an amount of 15.9 g (90 millimoles) and 17.1 g (12 milli- 
moles) of tert-butyl methacrylate were dissolved in 90 ml of dried tetrahydrofuran, followed by pouring into 250 ml 

50 of dried tetrahydrofuran containing n-butyllithium (3.0 millimoles) in a nitrogen stream at -78** to -70**C. The reaction 
was carried out at -78** to -70'*C for 1 hour with stimng. After stopping the reaction by pouring 30 ml of methanol, 
the reaction solution was poured into 1000 ml of methanol at room temperature. The deposited viscous oily mate- 
rial was separated, washed with methanol and concentrated under reduced pressure to give 15.6 g of white pow- 
dered crystals of poly(p-tert-butoxystyrene/tert-butyl methacrylate). Mw v*^as about 12,000 and the degree of 

55 dispersion was 1.12 (GPC method, polystyrene standard). 

(2) The poly{p-tert-butoxystyrene/tert-butyl methacrylate) obtained in abov (1 ) in an amount of 1 4.0 g was reacted 
and after-treated in the same nrranner as described in Production Example 1(1) to give 9.4 g of white powdered 
crystals of poly(p-hydroxystyrene/tert-butyl methacrylate). The proportion of the p-hydroxystyrene unit and the tert- 
butyl methacrylate of the obtained polymer was about 9:1 by the measurement of ""H NMR. Mw was about 8.500 
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and the degree of dispersion was 1.12 (GPC method, polystyrene standard). 

(3) The poly(p-hydroxystyrene/lert-butyl methacrylate) obtained in above (2) in an amount of 8.0 g and 1 .5 g of ethyl 
vinyl ether were reacted and after-treated in the same manner as described in Production Example 1(2) to give 8.6 
g of white powdered crystals of poly(p-1-ethoxyethQxystyrene/t>-hydroxystyrene/lert-butyl methacrylate). The pro- 
5 portion of the p-1-ethoxyethoxystyrene unit, the p-hydroxystyrene unit and the tert-butyl methacrylate unit of the 

obtained polymer was about 25:65:10 measured by ""h NMR. Mw was 10.000 and the degree of dispersion was 
1.12 (GPC method, polystyrene standard). 

Production Example 12 

10 

Synthesis of poly(p-1 -ethoxyethoxystyrene/p-hydroxystyrene/acrylonitrile) 

(1) p-tert-butoxystyrene in an amount of 1 5.9 g (90 millimoles) and 0.8 g (15 milllmoles) of acrylonitrile were reacted 
and after-treated in the same manner as described in Production Example 1 1(1) to give 14.8 g of white powdered 

IS crystals of poly(p-tert-butoxystyrene/acrylonitrile). The proportion of the p-tert-butoxystyrene unit and the acryloni- 
trile unit of the obtained polymer was about 9:1 by the measurement of NMR. Mw was about 12,000 and the 
degree of dispersion was 1.15 (GPC method, polystyrene standard). 

(2) The poly(p-tert-butoxystyrene/acrylonjtrile) obtained in above (1) in an amount of 13.5 g was reacted and after- 
treated in the same manner as described in Production Example 1(1) to give 8.9 g of white powdered crystals of 

20 poly(p-hydrQxystyrene/acrylonitrile). Mw was about 8,300 and the degree of dispersion was 1.12 (GPC method, 
polystyrene standard). 

(3) The poly(p-hydroxystyrene/acrylonitrile) obtained in above (2) In an amount of 8.0 g was reacted and after- 
treated in the same manner as described in Production Exanple 1(2) to give 8.6 g of white powdered crystals of 
poly(p-1-ethoxyethoxystyrene/i>-hydrQxystyrene/acryIonltrlle). The proportion of the p-1-ethoxyethoxystyrene unit, 

25 the p-hydroxystyrene unit and the acrylonitrile unit was about 25:65:10 by the measurement of NMR. Mw was 
about 9.800 and the degree of dispersion was 1.12 (GPC method, polystyrene standard). 

Productin Example 13 

30 Synthesis of poly(p-1 -ethoxyethoxystyrene/p-hydroxystyreneyi3-tert-butoxycart)onyloxy-styrene) 

(1) The same poIy(p-hydroxystyrene) as used In Production Example 3 in an amount of 16.2 g was dissolved in 60 
ml of ethyl acetate, and added with 3.0 g of di-tert-butyl dicarbonate and 2.7 g of triethylamine. The reaction was 
carried out at room temperature for 4 hours with stirring. After the reaction, the ethyl acetate was removed by dis- 

35 tillation under readauced pressure. The residue was dissolved in 80 ml of acetone and poured into 1 000 ml of water 
to deposit crystals. The deposited crystals were filtered, washed with water and dried under reduced pressure to 
give 15.5 g of white powdered crystals of poly(p-hydroxystyrene/j3-tert-butoxycarbonyloxystyrene). The proportion 
of the p-hydroxystyrene unit and the p-tert-butoxycarbonyloxystyrene unit of the obtained polymer was about 92:8 
by the measurement of ^ H NMR. Mw was about 8,800 and the degree of dispersion was 1 .05 (GPC method, poly- 

^ styrene standard). 

(2) The poly(p-hydroxystyreneyp-tert-butoxycarbonyloxystyrene) obtained In above (1) in an amount of 14.0 g and 
2.8 g of ethyl vinyl ether were reacted and after-treated in the same manner as described in Production Example 
1(2) to give 14.0 g of white powdered crystals of poly(p-1-ethoxyethoxystyrene/p-hydraxystyrene/p-tert-butoxycar- 
bonyloxystyrene). The proportion of the p-1-ethoxyethoxystyrene unit, the p-hydroxystyrene unit and the p-tert- 

45 butoxycarbonyloxystyrene unit was about 30:62:8 by the measurement of ^ H NMR. Mw was about 1 0,300 and the 
degree of dispersion was 1 .05 (GPC method, polystyrene standard). 

Reference Example 1 

50 Synthesis of poly(p-tert-butoxystyrene/p-hydroxystyrene) 

Poly(p-tert-butoxystytrene) [mid. by Nippon Soda Co., Ltd.. Mw = about 21,000, the degree of dispersion = 1.16] in 
an amount of 15.0 g was dissolved in 150 ml of 1.4-dioxane. After adding 10 ml of concentrated hydrochloric acid, the 
reaction was carried out at 80* to 85*'C for 3 hours with stin-ing. After the reaction, the reaction solution was poured Into 
55 1 000 ml of water to deposit crystals. The deposited crystals were filtered, washed with water and dried under reduced 
pressure to grve 9.8 g of white powdered crystals of poly(p-tert-butoxystyrene/p-hydroxystyrene). The proportion of the 
p-tert-butoxystyrene unit and the p-hydroxystyrene unit of the obtained polymer was about 30:70 by the measurement 
of ^ H NMR. Mw was about 1 6,000 and the degree of dispersion was 1.16 (GPC method, polystyrene standard). 
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Reference Example 2 

Synthesis of poty(p-tetrahydrc^yranyiQxystyrene/|>hydroxystyrene) 

5 Poly(p-hydroxystyrene) (mfd. by Nippon Soda Co,, Ltel., Mw = about 8.200, the degree of dispersion = 1.05] in an 

amount of 9.0 g was dissolved in 100 ml of 1 .2-dimethaxyethane. tbilowed by addition of 12.6 g of 2,3-dihydropyrane 
and 0.5 ml of sulfuric acid. The reaction weas can-ied out at 30** to 40**C for 1 5 hours with stirring. After the reaction, the 
reaction solution was concentrated under reduced pressure. The residue was neutralized with sodium cait>onate and 
poured into 1000 ml of water to deposit crystals. The deposited crystals were filtered, washed with water and dried 

10 under reduced pressure to give 1 1 .0 g of white powdered crystals of poly(p-tetrahydropyranyloxystyrene/t>-hydroxysty- 
rene). The proportion of the p-tetrahydropyranyloxystyrene unit and the p-hydroxystyrene unit of the obtained polymer 
was about 35:65 by the measurement of ^ H NMR. Mw was about 10.000 and the degree of dispersion was 1 .05 (GPC 
method, polystyrene standard). 

15 Reference Example 3 

Synthesis of poly(p-tert-butoxycart>onyloxystyrene/k)-hydroxystyrene) 

TTie same poly(p-hydraxystyrene) as used in Reference Exanrple 2 in an amount of 9.0 g, 5.3 g of di-tert-butyl 
20 dicarbonate and 9.0 g of triethylamine were reacted and after-treated in the same manner as described in Production 
Example 13(1) to give 10.1 g of white powdered crystals of poly(p-tert-butoxycartx)nyloxystyrene/p-hydroxystyrene). 
The proportion of the p-tert-butoxycartxjnyloxystyrene unit and the p-hydroxystyrene unit of the obtained polymer was 
about 3:7 by the measurement of H NMR. Mw was about 1 0.300 and the degree of dispersion was 1 .05 (GPC method, 
polystyrene standard) . 

25 

Example 1 

A photoresist material having the following compositin was prepared. 

30 ^ 

Poly(p-1-ethoxyethoxystyreneyi3-hydroxy styrene) [Polymer of Production Example (Pro. Ex.) 1] 6.0 g 

Bis(1 , 1 -dimethylethylsulfonyl)diazomethane 0.2 g 

Bis(p-toluenesutfonyl)diazomethane 0.1 g 

35 

Propylene glycol monomethyl ether acetate 23.7 g 



A pattern formation process using the above-mentioned resist material is explained referring to Rgs. 2A to 2C. 

40 On a silicon substrate 1 , the above-mentioned resist material 2 was spin coated and prebaked at go^'C for 90 sec- 
onds on a hot plate to obtain a resist material film of 1 .0 jim thick (Fig. 2A). Then, the resist material film was selectively 
exposed to KrF excimer laser beams 3 of 248.4 nm through a mask 4 using KrF exdmer laser stepper (NA 0.55) (Fig. 
2B). After hot baking at 1 0O'^C for 90 seconds on a hot plate, the resist material film was developed with an alkali devel- 
oping solution (aqueous solution of 2.38% tetramethylammonium hydroxide) for 60 seconds to dissolve and remove 

45 only exposed area of the resist material. As a result, a positive type pattern 2a was obtained (Fig. 2C). The resulting 
positive type pattern had a rectangular shape with a resolution of line/space of 0.20 \im. The exposure amount was 24 
mJ/cm^. 

Heat resistance of the resist material was mesured as follows. 

After exposure and development of the resist material, it was baked on a hot plate at 125''C for 150 minutes, fol- 
50 lowed by observation of line/space of 0.25 fun for measuring the dimension. As a result, a rectangular shape of 
line/space of 0.25 |xm was resolved to admit heat resistance of the resist film. 

The pattern dimentional change with the lapse of time from the exposure to light to the heat treatment (post baking) 
of the resist material was measured. The line/space of 0.25 \in\ was resolved even after 3 hours without any problem. 
Further, as shown in Rg. 3, when tiie resist material of the present invention was used, the mask linearity was good 
55 until 0.25 fim. In addtion when exposed to light by defocus. no deterioration of shape was admitted by ±0.7 \im against 
the line/space of 0.25 ^m. This means that a sufficient focus margin was obtained. The pattern shape was as shown in 
Fig. 4, wherein the pattern sidewalls were smooth and no scum was observed. 

When the resist material of the present invention ms stored at 23*'C for 1 month and subjected to pattern formation 
in the same manner as described above, a positive type pattern with the line/space of 0.20 \im was resolved. Thus, the 
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storage stability was good. 
Examples 2 to 22 

5 Various photoresist materials as shown in Tables 1 to 8 were prepared. 



Table 1 



Example 2 


Poly(p-1-methoxyethoxystyrene/p-hydrQxystyrene) [Polymer of Pro. Ex. 2] 


6.0 g 




Bis(1-methylethylsulfonyl)diazomethane 


0.2 g 




Dis^oerizensiJiionyijuiazomeinane 


0.1 g 




Propylene glycol monomethyl ether acetate 


23.7 g 


Example 3 


Poly(p-1-methoxy-1-methylethoxystyrene/p-hydrQxystyrene [Polymer of Pro. Ex. 6] 


6.0 g 




Bis(cyclohexylsulfbnyl)diazomethane 


0.2 g 




Benzoylbenzenesulfonyldiazomethane 


0.1 g 




Propylene glycol monomethyl ether acetate 


23.7 g 


Example 4 


Poly(p-1-ethoxyethoxystyreneyt3-hydroxystyrene) [Polymer of Pro. Ex. 1] 


4.5 g 




Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene) [Polymer of Pro. Ex. 6] 


1.5 g 




Bis(1 , 1 -dimethylethylsulfonyl)diazomethane 


0.3 g 




N.N-dimethylpropionamide 


0.3 g 




Propylene glycol monomethyl ether acetate 


23.4 g 


Example 5 


Poly(p-1-ethoxyethoxystyreneyp-hydroxystyrene/p-isobutoxy carbonyloxystyrene) [Polymer 
of Pro. Ex. 3] 


6.0 g 




Bis(cyclohexylsulfonyl)diazomethane 


0.2 g 




Bis(p-toluenesulfonyl)diazomethane 


0.1 g 




Propylene glycol monomethyl ether acetate 


23.7 g 



35 
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Table 2 



5 
10 


Example 6 


Poly(p-1-ethoxyethc3ocystyrene/p-hydroxystyrene/k5-tert-^ {Polymer of Pro. Ex. 

ois(cyCionexyisurionyi juiazomeiane 
iri|^enyisuiTon)um tniiuoromeirianesuiTunciie 
9-Diazo- 1 0-ph enanthrone 
r ropyiene yiyc^ rrioriorneiriyi einer aceiaic 


6.0 g 

0.2 q 
0 1 a 
0.1 g 
23.6 g 




Example 7 


Poly-{p-1-ethoxyethoxystyrene/p-hydroxystyrene) [Polymer of Pro. Ex. S\ 


6.0 g 






Bis(cyclohexytsulfonyl)diazomethane 


0.4 g 


15 




2,2\4.4'-tetrahydrQxybenzophenone 


0.1 g 






N,N-dimethyloacetamide 


0.2 g 






Trioctylamine 


0.1 g 


20 




Propylene glycol monomethyl ether acetate 


23.2 g 


25 


Examples 


Poly{p-1-ethoxyethoxystyrene/jD-hydroxy styrene/f5-isobutoxycartx>nyloxystyrene) [Polymer 
of Pro. Ex. 3] 

Poly(p-1-ethoxyethQxystyrene/p-lTydroxystyrene) [Polymer of Pro. Ex. 5] 
Bls(cyclohexylsut1bnyl)diazomethane 
2i3-Toluenesulfonyl-2-cyclohexylcarbonylpropane 
Methyl 3-methoxypropionate 


4.5 g 

1.5g 
0.3 g 
0.1 g 
23.6 g 



30 



Table 3 



Example 9 


Poiy(p-1-methoxyelhQxystyrene/p-hydroxystyrene) [Polymer of Pro. Ex. 2] 

Bis(1 , 1 -dimethylethylsulfonyl)dia2omethane 

Bi s(p-to[uene5ulf onyl)dlazomethane 

9-Diazo- 1 0-phenanthrorie 

Propylene glycol monomethyl ether acetate 


6.0 g 
0.3 g 
0.1 g 
0.2 g 
23.4 g 


Example 10 


Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butQxystyrene) [Polymer of Pro. Ex 
4] 

Poly(p-1-ethoxyethoxystyrene/^>-hydroxystyrene) [Polymer of Pro. Ex. 2] 

Bis(cyclohexylsulfonyl)diazomethane 

Bis(2,4-dimethylbenzylsutfonyl)diazomethane 

N ,N-dimethylpropyonamide 

Propylene glycol monomethyl ether acetate 


4.0 g 

2.0 g 
0.3 g 
0.1 g 
0.3 g 
23.3 g 



55 



27 

BNSDOaD: <EP_0789279A1_I_> 



EP 0 789 279 A1 



Table 4 



Example 1 1 


PolyCp-l-ethaxyethoxystyrene/jD-hydroxystyrene) [Polymer of Pro. Ex. 1] 


6.0 g 




p-CresoI/m-cresol/formaldehyde polycondensate [Polycx>ndensate of Pro. Ex. 9] 


0.6 g 




Bls(cyclohexylsulf6nyl)dla2omethane 


0.3 g 




Salicylic acid 


0.1 g 




9-Diazofluorene 


0.1 g 




Fluorine-containing nonionic surfactant [Commercially available] 


0.1 g 




N, N-dimethylacetamide 


0.2 g 




Propylene glycol monomethyl ether acetate 


24.7 g 




roiy^p- 1 -einaxyeinoxysiyrene/p-riyaroxystyrene; [roiymer of Pro. Ex. 1] 


6.0 g 




p-Cresol/m-cresol/fbrmaldehyde polycondensate [Polycondensate of Pro. Ex. 9] 


0.5 g 




Bis(1 . 1 -dimethylethylsulfonyi)diazomethane 


0.3 g 




o-Acetyibenzoic acid 


0.1 g 




9-(2-Methoxyethoxy) methylanthracene 


0.1 g 




N, N<f imetfiylacetamide 


0.3 g 




Propylene glycol nfionomethyl ether acetate 


24.7 g 



Table 5 



Example 13 


Poly(p-1-ethoxyethoxystyrene/j3-hydroxystyrene) [Polymer of Pro. Ex. 1] 


6.0 g 




2-Methyl-2,3,3-trl (p-hydroxyphenyl)propane 


0.5 g 




Bis(1 , 1 -dimethylethylsutfonyl)diazomethane 


0.3 g 




Salicylic acid 


0.1 g 




Fluoreseine 


0.1 g 




Propylene glycol monomethyl ether acetate 


23.0 g 


Example 14 


Poly(p-1-ethoxyelhQxystyrene/p-hydroxystyrene/t)-tert-butoxystyrene) 


6.0 g 




Bis(cyclohexylsulfbnyl)diazomethane 


0.3 g 




2.3,4-Tris(2.5<lichlorobenzenesul1bnyloxy)acetophenone 


0.1 g 




Salicylic acid 


0.1 g 




9-Azofluorene 


0.1 g 




N,N-dimethylacetamlde 


0.3 g 




Propylene glycol monomethyl ether acetate 


24.6 g 


Example 15 


Poly(p-1-ethoxyethQxystyrene/P-hydroxytryreneyiD-tert-butoxystyrene) 


6.0 g 




Bis(1 , 1 -dimethylethylsulfonyl)diazomethane 


0,3 g 




Triphenylsulfonium trifluoromethanesulfbnate 


0.1 g 




o-Acetylbenzoic acid 


0.1 g 




N,N-dimethylacetamide 


0.3 g 




Propylene glycol monomethyl ether acetate 


23.2 g 
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Table 6 




5 
10 


Example 16 


Poly(p-1-ethoxyethoxystyreneyi>-hydroxystyrene) [Polymer of Pro. Ex. 7] 

Bis(cyclohexylsulfonyl)diazomethane 

Salicylic acid 

Fluorine-containing nonionic surfactant [Commercially available] 
Propylene glycol monomethyl ether acetate 


6.0 g 
0.3 g 
0.1 g 
0.1 g 
25.5 g 




Example 17 


Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene) [Polymer of Pro. Ex 
8] 

Bis(cydohexylsuifonyl)diazomethane 
Triphenylsulfonium trifluoromethanesutfonate 
9-Diazofluorene 

Propylene glycol monomethyl ether acetate 


6.0 g 


IS 




0.3 g 
0.1 g 
0.1 g 
25.5 g 


20 
25 


Example 18 


Poly(p-1-ethoxyethoxystyreneyt»-hydroxystyrene) [Polymer of Pro. Ex. 7] 
p-Cresol/m-cresol/formaldehyde resin [Resin of Pro. Ex. 9] 
Bis(cyclohexylsulfbnyl)diazomethane 

Fii inrinf^mntpininn nonionic surfactant TGommerciallv available! 

N.N-dimethylacetamlde 

Propylene glycol monomethyl ether acetate 


6.0 g 
0.5 g 
0.3 g 
0.1 g 
0.3 g 
24.8 g 


30 








35 
40 


Example 19 


Poly(p-1 -ethoxyethoxystyrene/lD-hydroxystyrene) [Polymer of Pro, Ex. 7] 
p-Cresol/1.4<iihydroxymethylbenzene resin [Resin of Pro. Ex. 10] 
Bis(1 ,1 -dimethylethylsulfonyl)diazomethane 
Triphenylsutfonium triflubromethanesulfonate 
9-Diazofluorene 

Propylene glycol monomethyl ether acetate 


6.0 g 
0.5 g 
3g 
0.1 g 
0.1 g 
25.5 g 


45 
SO 


Example 20 


Poly(p-1-ethoxyethaxystyrene/p-hydroxystyrene/tert-butyi methacrytate) [Polymer of Pro. 
Ex.11] 

Bis(1 ,1 -dlmethylethylsulfonyl)diazomethane 
Polyoxyethylene cetyl ether [Ck)mmerciaily available] 
Salicylhydroxamic add 

Ruorine-containing nonionic surfactant [Ctommerdally available] 

N,N-dimethylacetamide 

Propylene glycol monomethyl ether acetate 


6.0 g 

0.3 g 
0.1 g 
0.1 g 
0.1 g 
0.3 g 
25.5 g 



55 
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Example 21 


Poly{p-1-ethoxyethoxystyrene/p-hydroxystyrene/acrylonitrile) [Polymer of Pro. Ex. 12] 


6.0 g 




1 -Benzylsulfonyl-1-methylsulfonyldlazomethane 


0.1 g 




Bis(1 ,1 -dimethylethylsulfonyl)dlazomethane 


0.3 g 




Polyoxyethylene lauryi ether [Commnerclally available] 


0.1 g 




Fluorine-containing nonionic surfactant [Commercially available] 


0.1 g 




Propylene glycol monometyl ether acetate 


25.5 g 


Example 22 


Poly(p-1 -ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxycarbonyloxystyrene) [Poly- 
mer of Pro. Ex. 13] 


6.0 g 




Bis(cyclohexylsulfonyl)dlazom ethane 


0.3 g 




Bis(2.4<Jimethylben2enesulfonyl)dia2omethane 


0.1 g 




Polypropylene glycol [Commercially available] 


0.1 g 




Perfluorooctanol [Commercially available] 


0.1 g 




N, N<limethylacetamide 


0.3 g 




Triethylamine 


0.1 g 




Propylene glycol monomethyl ether acetate 


25.5 g 



Using the above-mentioned resist materials, patterns were formed in the same manner as described in Example 1 . 
The results are shown in Tables 9 and 10. 

30 



35 



40 



45 



50 
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Tallies 





Exanple Na 


Example dose (mJ/cm^ 


Limitative resolution 


Time from exposure to heat treatmerrt 


5 




and resolution 










Immediately after expo- 


Hours later 










sure 






2 


22 


\}.£\J yJu L/O 


0.25 Jim L/S 


0.25 Jim L/S 


10 


3 


28 


0.20 |xm L/o 


0.25 Jim L/S 


0.25 Jim L/S 




4 


28 


0.20 |xm L/o 


0.25 Jim L/S 


0.25 Jim L/S 




5 


25 


0.22 }Xm LJo 


0.25 Jim L/S 


0.25 Jim L/S 


15 


6 


26 


0.22 ftm Lfo 


0.25 Jim L/S 


0.25 Jim L/S 


7 


33 


0.20 ^m L/o 


0.25 ^im L/S 


0.25 Jim L/S 




8 


35 


0.22 p,m L/o 


0 25 um L/S 


0.25 Jim L/S 




9 


28 


0.20 M^m L/o 


0 25 am L/S 


0.25 Jim L/S 


SO 


10 


25 


0.22 |im L/S 


0 25 iim L/S 


0 25 am L/S 




11 


22 


0.20 fJim L/S 


0 25 um L/S 


0.25 Jim L/S 




12 


22 


0.20 ftm L/S 


0.25 Jim L/S 


0.25 Jim L/S 


25 


13 


22 


0.20 ^m L/S 


0 25 am L/S 


0.25 Jim L/S 




14 


25 


0.18 fJim L/S 


0.25 Jim L/S 


0.25 Jim L/S 




15 


25 


0.18 ftm L/S 


0.25 Jim L/S 


0.25 Jim L/S 




1 w 


24 


0.18 Jim L/S 


0.25 Kim L/S 


0.25 Jim US 


30 


17 


25 


0.18 ^m L/S 


0.25 Jim L/S 


0.25 Kim US 




18 


24 


0.18 Jim L/S 


0.25 Jim L/S 


0.25 Jim L/S 




19 


22 


0.18 Jim L/S 


0.25 |iim L/S 


0.25 Jim L/S 


35 


20 


22 


0.20 Jim L/S 


0.25 Jim L/S 


0.25 Jim L/S 




21 


22 


0.20 fim L/S 


0.25 Jim L/S 


0.25 Jim US 




22 


25 


0.20 fjim L/S 


0.25 Jim L/S 


0.25 Jim US 



40 



45 



50 
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Table 10 



5 


Example No. 


Focus margin 0.25 fim 


Mask linearity -0.25 [im 


Shape of sidewalls of 
pattern 


Heat resistance 




2 


±0.7 


Good 


Good 


Good 




3 


±0.7 


Good 


Good 


Good 


10 


4 


±0.7 


Good 


Good 


Good 


5 


±0.7 


Good 


Good 


Good 




6 


±0.7 


Good 


Good 


Good 




7 


±0.7 


Good 


Good 


Good 


15 


8 


±0.7 


Good 


Good 


Good 




9 


±0.7 


Good 


Good 


Good 




10 


±0.7 


Good 


Good 


Good 


20 


11 


±0.7 


Good 


Good 


Good 




12 


±0.7 


Good 


Good 


Good 




13 


±0.7 


Good 


Good 


Good 




14 


±0.7 


Good 


Good 


Good 


25 


15 


±0.7 


Good 


Good 


Good 




16 


±0.7 


Good 


Good 


Good 




17 


±0.7 


Good 


Good 


Good 


30 


18 


±0.7 


Good 


Good 


Good 




19 


±0.7 


Good 


Good 


Good 




20 


±0.7 


Good 


Good 


Good 




21 


±0.7 


Good 


Good 


Good 


35 


22 


±0.7 


Good 


Good 


Good 



As is clear from the results shown in Tables 9 and 10, the same positive type patterns as in Example 1 were formed 
40 in Examples 2 to 22. and the line/space of 0.20 to 0.22 p,m was resolved without any problem even after 3 hours of 
period from exposure to light on the Si02 to heat treatment (post baking) as in Example 1 . Further, there was obtained 
the focus margin of ±0.7 \im or more against the line/space of 0.25 [xm. In additin, the mask linearity was good until 0.25 
fim. Further, pattern sidewalls were smooth and no scum was observed. There was no problem as to storage stability 
in Examples 2 to 22. 

45 For comparison, resist materials were prepared by using polymers having a broard molecular weight distribution 
obtained by radical polymerization (e.g. disclosed in JP-A-4-211258 (= U.S.P. 5,350,660, JP-A-5-249682, etc.), mono- 
disperse polymers obtained by living anion polymerization (e.g. disclosed in JP-A-6-273934, JP-A-6-49134, JP-A-4- 
195138, JP-A-5-132513, JP-A-7-268030, etc.) in place of monodisperse polymer of the present invention, and com- 
pared with the resist mateial of the present invention. 

50 

Comparative Example 1 

A resist material having the following composition was prepared. 
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Poly(p-tert-butoxycart>onytoxystyrene/|3-hydroxystyrene) [Mw = about 8500, degree of dispersion - 2.09] 

Bis(cydohexy1sulfonyl)dia2omethane 

Bis(p-toluenesulfonyl)dia2omethane 

Propylene glycol monomethyl ether acetate 




10 



15 



Using the resist material mentioned above, a pattern was formed in the same manner as described in Example 1 . 
As a result, a pattern with the line/space of 0.35 ^im was resolved at an exposure dose of 35 nvJ/cm^, but a pattern with 
the line/space of 0.30 \im was not resolved as shown in Fig. 5. Further, when heat treated after 1 hour of exposure to 
light, T-shaped pattern as shown in Fig. 6 was formed failing to obtain a pattern with the desired good shape. 

Comparative Example 2 

A resist material having the following composition was prepared. 



20 



25 



Poly(p-tert-butoxystyrene/p-hydroxystyrene) [Mw = about 19,000. degree of dispersion = 1.87] 

Bis(cyclohexysul1bnyl)diazomethane 

Bis(p-toluenesulfonyl)diazomethane 

Propylene glycol monomethyl ether acetate 




Using the resist material mentioned above, a pattern was formed in the same manner as described in Example 1. 
30 As a result, a pattern with the line/space of 0.30 iiim was resolved at an exposure dose of 26 mJ/cm^ but a pattern with 
the line/space of 0.25 |uim was not resolved. Further, when heat treated after 1 hour of exposure to light. T-shaped pat- 
tern as in Comparative Example 1 was formed failing to obtain a pattern with the desired good shape. 

Comparative Exanrple 3 

35 

A resist material having the following composition was prepared. 



Poly(p-tetrahydropyranyloxystyreneyp-hydroxystyrene) [Mw = about 1 4,700. degree of dispersion = 1 .75] 6.0 g 
^ Bis(cyclohexylsulfonyl)diazomethane 0.2 g 

Bis(p-toluenesulfonyl)diazornethane O 9 

Propylene glycol monomethyl ether acetate ^^-^9 

45 

Using the resist material mentioned above, a pattern was formed in the same manner as described in Example 1 . 
As a result, a pattern with the line/space of 0.30 ^im was resolved at an exposure dose of 26 mJ/can^. but a pattern with 
the line/space of 0.25 jim was not formed. Further, when heat treated after 1 hour of exposure to light. T-shaped pattern 
60 as in Comparative Example 1 was formed failing to obtain a pattern with the desired good shape. 

Comparative Example 4 

A resist material having the following composition was prepared. 

55 
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Poly(p-1-ethoxyethoxystyreneyp-hydrQxystyrene) [Mw = about 22,000, degree of dispersion = 1.86] 

Bls(cyclohexylsulfonyl)diazomethane 

Bis(p-toluenesulf6nyl)diazomethane 

Propylene glycol monomethyl ether acetate 




10 



IS 



20 



Using the resist material mentioned above, a pattern was formed in the same manner as described in Example 1. 
As a result, a pattern with the line/space of 0.20 |xm was resolved at an exposure dose of 22 mJ/cm^, but the sidewalls 
of pattern were not good as shown in Fig. 7. When the pattern with the line/space of 0.25 jtm was baked at 120°C for 
150 seconds, the pattern with the line/space of 0.25 ^m was deformed as shown in Rg. 8. Further, the mask linearity 
was not good as shown in Fig. 9. 

The poly(p-1-ethoxyethoxystyreneyp-hydroxystyrene) had Mw of about 22,000 (GPC method, polystyrene stand- 
ard) and the degree of dispersion of 1.86. 

Comparative Example 5 

A resist material having the following connposition was prepared by using a monodisperse polymer [poly(p-tert- 
butoxystyrene/p-hydroxystyrene)] obtained in the same manner so described in Reference Example 1 . 



25 



30 



Poly(p-tert-butoxystyrene/p-hydroxystyrene) [Mw = about 16,000, degree of dispersion =1.16] 

Bis(cycIohexylsulfbnyl)diazomethane 

Bis(p-toluenesulfbnyl)diazomethane 

Propylene glycol monomethyl ether acetate 




35 



40 



Using the resist material mentioned above, a pattern was formed in the same manner as described in Example 1. 
As a result, a pattern wrth the line/space of 0.30 \im was resolved at an exposure dose of 26 mJ/cm^, but a pattern with 
the line/space of 0.25 ^m was not formed. Further, when heat treated after 1 hour of exposure to light, T-shaped pattern 
as in Comparative Example 1 was formed failing to obtain a pattern with the desired good shape. 

Comparative Example 6 

A resist material having the following composition was prepared by using a monodisperse polymer [poly(p-tetrahy- 
dropyranyloxystyrene/p-hydroxystyrene)] obtained in Reference Example 2. 



45 



PoIy(p-tetrahydropyranyloxystyrene/p-hydroxystyrene) [Mw = about 10,000. degree of dispersion = 1.05] 

Bis(cyclohexylsulfbnyl)diazomethane 

Bis(p-toluenesulfonyl)dia2omethane 

Propylene glycol monomethyl ether acetate 




50 



Using the resist material mentioned above, a pattern was formed in the same manner as described in Example 1. 
As a result, a pattern with the line/space of 0.30 fim was resolved at an exposure dose of 26 mJ/cm^. but or pattern with 
the line/space of 0.25 ^im was not formed. Further, when heat treated after 1 hour of exposure to light, T-shaped pattern 
as in Comparative Example 1 was formed failing to obtain a pattern with the desired good shape. 

As Is clear from the results of Comparative Examples (together with Figs. 5 to 9), when known polymers are used 
in resist materials, the resolution is poorer than that of the present invention, the problem of delay time is brought about, 
or even if the resolution may be good, the shape of sidewalls of pattern is not good, or poor in the mask linearity and 
heat resistance. 
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As mentioned above, the monodisperse polymer of the present invention is excellent in functionality. When such a 
polymer Is used in resist materials, there can be overcome various problems such as poor resolution caused by the use 
of known polymers, poor sidewalls of pattern, insufficiency in the depth of focus, changes of pattern size with the lapse 
of time from exposure to light to heat treatment (post baking), the substrate dependency, etc. Therefore, the present 
invention is very effective for forming ultraf ine patterns in semiconductor Indi^ry. 

Further, the resist material of tfie present invention Is effective for forming patterns using not only deep ultraviolet 
light and KrF exdmer laser beams, but also i-line light, ^ectron beams, soft X-rays, etc. 

Claims 

1 . A polymer having repeating units of the formula: 



[1] 



20 



25 



50 




wherein and are independently a hydrogen atom or a lower alkyi group; R^ and R'^ are independently a 
hydrogen atom or an alkyl group which may be sustituted with one or more halogen atoms, or R^ and R^ can form 
an alkylene ring together with the interposing cartxjn atom, provided that R^ and R'* cannot t>e hydrogen atoms at 
the same time; R^ is an alkyl group which may be substituted with one or more halogen atoms, or an aralkyi group; 
30 R® Is a phenyl group which may have one or more substituents, a carlxaxyl group which may be substituted with an 
alkyl group, or a cyano group: m and n are independently an integer of 1 or more; k is zero or an integer of 1 or 
more, provided that 0.1 ^ (m + k)/{m + n + k) ^ 0.9 and 0 ^ k/(m + n + k) ^ 0.25 , said polymer having a degree 
of dispersion of 1 or more and less than 1 .5. 

35 2. A polymer according to Claim 1 , wherein in the formula [1] either one of R^ and R^ is a hydrogen atom or a lower 
alkyl group and the other is a lower alkyl group; R^ is a lower alkyl group; the substituent of the phenyl group in the 
definition of R^ is a lower alkyl group, a lower alkoocy group, or R^^-CO-(CH2)jO-; R^^ is an alkyl group; and j Is 
zero or an integer of 1 . 

40 3. A resist material comprising the polymer of Claim 1 . 

4. A resist material according to Claim 3, which further comprises a photoacid generator which generates an acid by 
exposure to actinic radiation. 

45 5. A resist material accordng to Claim 4, wherein the photoacid generator is a compound of the formula: 

O 

II 

- S - C - Z - [16] 



wherein R^ and R^ are independently an alkyl group, a haloalkyi group, or an aralkyi group; Z is - CO - or - SO2 • 

55 

6. A resist material according to Claim 4, wherein the photoacid generator is a compound of tiie fornrula: 
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IS 



O 

II 

R" - S - C - Z - R" [17] 
O 

wherein R''° is a phenyl group which may have one or more substltuents; R^'' is an alkyi group, a haioeilkyl group, 
10 an aralkyi group, or a phenyl group which may have one or more substituents; and Z is - CO - or - SO2 -■ 

7. A resist material according to Claim 4, wherein the photoacid generator is a compound of the formula: 
R" O 

X\- O - S - R" [18] 
/ 11 
«. O 

wherein R^^ is an alkyI group, a hialoalkyi group or a phenyl group which may have one or more substituents; R^^ 
and R''^ are independently a hydrogen atom, a halogen atom, an alkyI group, a haloalkyi group or a group of the 
formula: 

O 

II 

- O - S - r" [ 19] 

II 

/ o 

wherein R^^ is as defined above. 

8. A resist material according to Claim 4, wherein the photoacid generator is a compound of the formula: 



20 



25 



30 



35 



O CH3 

S - C - C - R" [20] 
II I II 

40 rX5 q jj16 q 



45 



50 



wherein R^^ is a hydrogen atom, a halogen atom, an alky! group or a haloalkyi group; R^^ is an alkyI group; R^^ is 
an alkyI group, a phenyl group which may have one or more substituents. or an aralkyi group. 

9. A resist material according to Claim 4, wherein the photoacid generator is a compound of the formula: 

I 

- • R^^ SO3® [21] 

1 

r20 



55 wherein R"*^, R""^ and R^^ are independently an alkyI group, a phenyl group, an alkyl-substituted phenyl group, a 
haloalkyi group or an aralkyi group; and R^"* is a f luoroalkyi group, a phenyl group, a haloalkylphenyl group or a tolyl 
group. 

10. A resist material according to Claim 4, wherein the photoacid generator is a compound of the formula: 
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- R' 



23 



[22] 



10 



wherein R^^. R^^ and R^^ are independently a hydrogen atom, an alkyisulfonyloxy group, a haloalkyisuHonyloxy 
group, or a group of the formula: 



IS 



- O - SO, 



R" 

p30 



[243; 



31 



20 R^ is an alkyi group or a group of the formula: 

_R" 



[23] 



in which R^^ and R^^ are Independently a hydrogen atom, a hydroxy! group, an alkytsulfonyloxy group, a haloalkyl- 
sulfonytoxy group, or a group of the formula [24], ir 
halogen atom, an alkyI group or a haloalkyi group. 



30 sulfonyioxy group, or a group of the formula [24], in which R^®, R^° and R^^ are independently a hydrogen atom, a 



35 



11 . A resist material accordng to Claim 4, wherein the photoacid generator is a combination of at least one compound 
of the formula: 



40 



rB-S-C-Z-R' 



[16] 



45 



50 



wherein R° and are independently an alkyi group, a haloalkyi group, or an aralkyi group; Z is - CO - or - SO2 • 
and at least one compound selected from those represented by the formulae [1 7], (1 8], [20], [21] and [22]: 



O 

II 

I" - S 

II 

o 



c - z 

R 

N, 



- R 



11 



[17] 



55 



wherein R''^ is a phenyl group which may have one or nnore substituents; R^^ is an alkyI group, a haloalkyi group, 
an aralkyi group, or a phenyl group which may have one or more substrtuerrts; and Z is - CO - or - SO2 
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R" O 



5 




[18] 



wherein R^^ is an alky! group, a haloalkyi group or a phenyl group which may have one or more substituents; R^^ 
10 and R""^ are independently a hydrogen atom, a halogen atom, an alkyi group, a haloalkyi group or a group of the 
formula: 



IS 



O 

II 

o - s 



- R 



12 



[ 19] 




wherein R^^ is a hydrogen atom, a halogen atom, an alkyI group or a haloalkyi groip; R^^ is an alkyI group; IR^^ Is 
an alkyI group, a phenyl group which may have one or more substituents. or an aralkyi group. 

R" - S* . R" SO3® C21] 
I 

R2» 

wherein R^^, R^^ and R^*^ are independently an all^ group, a phenyl group, an alkyl-substituted phenyl group, a 
haloalkyi group or an aralkyi group; and R^^ is a fluoroalkyi group, a phenyl group, a haloalkylphenyl group or a tolyl 
group, and 
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R" 
R« 
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V C - R" 
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wherein R^"*, R^^ and R^® are independently a hydrogen atom, an alkylsulfonyloxy group, a haloalkylsulfonyloxy 
group, or a group of the formula: 



55 



- O - SO, 




[24]; 



BNSDOCID: <EP 0789279A1 J_> 



38 



EP0 789 279A1 

is an alkyi group or a group of the formula: 



5 




[23] 



10 

in which R^^ and R^® are independently a hydrogen atom, a hydroxy! group, an alkylsulfonyloxy group, a haloalkyl- 
sulfonyloxy group, or a group of the formula [24], in which R^®. R^° and R^"* are indeperKlently a hydrogen atom, a 
halogen atom, an alkyI group or a haloalkyi group. 
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